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IIoBepxHOCTb  Hamefi  njiaHeTBi  npHMepHO  Ha  /3  noKptiTa  bo^oh,  oSbeM 
KOTOpoii  b  oiceaHax  h  Mopax  ^ocTHraeT  1  325  mjih  km  .  KpOMe  Toro,  6onee 

a  3  3 

4  MJIH  M  BOflBI  HaXOflHTCH  B  peKaX  H  03epaX,  OKOJIO  29  MJIH  M  -  B  BBICOKOrOp- 

hbix  jieflHHKax  h  nojiapHtix  Jib^ax,  opueiiTiipoBOHiio  no  4,17  mjih  m  npnxo- 
flHTCn  Ha  npecHbie  h  cojieHbie  no,n3eMHBie  boabi  h  7-12  tbic.  kmj  cocTaBJiniOT 
BO^Hbie  napbi  b  aTMOcejiepe. 

B  BH^e  oca^KOB  Ha  cyrny  eiKero^HO  BBina/iaeT  okojio  100  tbic.  km  boabi, 
npnneM  cpe/pieroflOBoii  penHoii  ctok  paBeH  npHMepHO  37  tbic.  km3,  b  tom  hhc- 
Jie  c  TeppHTOpneii  ObiBinero  CCCP  4  340  km  .  H  80  %  ttoto  oSbeMa  npnxo- 
flHTca  Ha  peKH  CnOnpH  h  ceBepHbie  paiiOHbi  Hameii  CTpaHbi  [15],  IIo  cbohm 
BOflHbiM  OoraTCTBaM  SbiBHiHH  CCCP  3aHHMaji  nepBoe  MecTO  b  MHpe.  npHBe- 
^eHHbie  u,Hcj)pbi  noKa3biBaiOT,  hto  Hama  CTpaHa  pacnojiaraeT  KOJioccajibHbiMH 
BOflHBIMH  pecypcaMH. 

OTpacjib  HayKH  h  tcxhhkh,  oxBaTBiBaioman  yneT,  royneiiHe,  HcnojiB30- 
BaHne,  oxpaHy  boahbix  pecypcoB,  a  tbkikc  6opb6y  c  Bpe^HBiM  ^eiiCTBHeM  boabi, 
Ha3BiBaeTCn  eodnuM  xo3nucmeoM. 

B  cbok)  onepe^B,  BO^Hoe  xo3hhctbo  ^ejiHTCn  Ha  p OTpacjieii  hjih  Ha- 
npaBJieHHH,  K  KOTOpBIM  othochtch: 

•  MejiHOpapmi  -  opomeHne  h  ocymeHne  3eMejib; 

•  oSBO^HeHHe  nacTOnm  h  BO^ocHaSiKeHHe  cejiBCKOxo3HHCTBeHHoro 
npOH3BOACTBa; 

•  THflpoBHepreTHKa  -  npeo6pa30BaHHe  Ha  rHflpo3JieKTpocTaHu,mix  bo^- 
hoh  BHeprHH  b  3JieKTpmiecKyio; 

•  BOflHBIH  TpaHCnOpT  -  HCn0JIB30BaHHe  peK,  03ep  H  MOpeil  flJIH  CyROXOR- 
CTBa  h  jiecocnjiaBa; 

•  pblSHOe  X03HHCTB0  -  KOMnJieKC  TeXHHHeCKHX  MepOnpHUTHH,  HanpaB- 
jieHHBix  Ha  coxpaHeHne  h  BOcnpOH3BO,ziCTBO  pbiOhbix  3anacoB,  a  TaKiKe  Ha  co3- 
^amie  pbiOoBOflHBix,  pbiOonponycKHBix  h  pbi6o3amHTHBix  coopyiKeHHH; 

•  peryjinpoBaHHe  pyceji  peK  -  6opb6a  c  HaBO/iHemniMH,  pa3MBiBaMH  6e- 
peroB  h  pyceji,  o6pa30BaHneM  OBparoB  h  ^p.; 

•  BO^ocHa6>KeHHe  h  KaHajiH3au,mi  -  oSecneneHHe  noTpe6HOCTH  HacejieH- 
HBIX  MeCT,  npOMBIHIJieHHBIX,  KOMMyHaJIBHBIX  H  TpaHCnOpTHBIX  npeflnpHUTHH 
BOflOH,  a  TaK5Ke  OTBOfl  CTOHHBIX  H  OTpaSOTaHHBIX  BO K  C  COOTBeTCTByiOmeil  OHH- 
CTKOH. 

^jih  npOBefleHHn  Tex  hjih  hhbix  BO,noxo3HHCTBeHHBix  MeponpmiTHH  ecTe- 
CTBeHHBIH  pe>KHM  peK  H  flpyTHX  BOflOHCTOHHHKOB  H3MeHHeTCH  C  nOMOmBIO  Cne- 
u,HajiBHBix  coopy/KemiH,  Ha3BiBaeMBix  ra  a  p  o  t  e  x  n  m  h  e  c  k  m m ii . 
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TaKHM  o6pa30M,  k  rHflpoTexHHHecKHM  coopyaceHHaM  (TTC)  OTHOcaTca 
opocHTeuBHbie  h  ocyniHTejiBHLie  coopyaceHHa,  KaHajiBi,  iijiothhbi,  BO^onpOBO- 
ABI,  3JieKTpOCTaHU,HH  (E3C)  H  flp. 

B  OTJiHHHe  ot  coopyaceHHH  npOMBinuieHHoro  h  rpaac^aHCKoro  CTpon- 
TenBCTBa  rHflpocoopy)KeHH5i  Bcer^a  CBa3aHBi  c  bo,hoh,  KOTOpaa,  HaxoflacB  b 
flBHaCCHHH  HJIH  COCTOaHHH  nOKOa,  C03flaeT  ^OnOJIHHTCJIBH&ie  Harpy3KH,  yCJIO>K- 
Haiomne  hx  paSoTy. 

npe^MeT  «r H/ipoTexHHHecKHe  coopyaceHHa»  tccho  CBa3aH  c  H3yneHHeM 
TaKHx  aHcminaiiii,  Rax  rMapoMCTpua,  rnaporeoaonia,  rH^paBJiHica,  Hii>Kenep- 
HBie  KOHCTpyKii,nn  h  ^pyrne,  3HaHHe  kotopbix  HeoSxo^HMO  fljia  npaBHJiBHoro 
BBi6opa  KOHCTpyKpHH  coopyaceHHH  h  npOBeflemM  pacneTOB  npH  npoeKTHpoBa- 
HHH  MeJIHOpaTHBHBIX  CHCTCM. 

CTpOHTeJIBCTBO  rHflpOTCXHHHCCKHX  COOpy'/KemiH  pa3BHBaJIOCB  B  pa3HBIX 
CTpaHaX  B  COOTBCTCTBHH  C  oOlIIHM  pa3BHTHCM  B  HHX  BOflHOrO  X03aHCTBa. 

HCKyCCTBO  CTpOHTeJIBCTBa  rHflpOTeXHHHeCKHX  COOpy'/KemiH  6bijio  H3- 
BecTHO  c  flpeBHeiimnx  BpeMeH,  npHHeM  ^obojibho  KpynHBie  coopyaceHHa  co3- 
^aBanHCB  yace  npH  paSoBJia^ejiBnecKOM  CTpoe. 

^peBHeiimHe  paSoBJia/jejiBnecKHe  rocy/japCTBa  cjio>khjihcb  Ha  TeppHTO- 
pHH  Emma  h  Cpe^HeS  A3hh. 

BajKHeiiHiHM  CTHMyjiOM  pa3BHTH5i  CTpoHTejiBHOH  TexHHKH  b  Ernme  SblJia 
nOCTOMHHaa  HeoSxOflHMOCTB  B  HppHrapHOHHBIX  COOpyJKeHHMX.  B  COCTaB  THfl- 
pOTeXHHHeCKHX  KOMnJieKCOB  BXOflHJIH  BOflOXpaHHJIHma,  nJlOTHHBI,  HIJIE03BI,  KO- 
jiOflu,Bi  fljia  noAteMa  boabi  h  ^pyrne  HHaceHepHBie  coopyaceHHa,  CHaSaceHHBie 
npHMHTHBHBiM  MexaHHHecKHM  oGopy^OBaHHeM  [15], 

B  EranTe  3a  4  000  jieT  h.3.  SbiJia  nocTpoeHa  KmieHHaa  njiOTHHa  Ko- 
HieilH.  OTHOCHTeJIBHO  CJICHKHBie  COOpyaCCHHa  flJia  OpOHieHHa  B03B0flHJIH  B  IX- 
VIII  bb.  h.3.  b  ypapTy  h  Xope3Me  -  flpeBHeiiHiHx  rocynapCTBax,  pacnojio- 
jxeHHBix  Ha  TeppHTOpHH  OBiBinero  CCCP.  3a  500  JieT  %o  h.3.  npOBO^HJiH  pa6o- 
tbi  no  peryjiHpOBaHHK)  pyceji  pex  Tnrp  h  E(|)paT. 

B  (jjeoflaJiBHBiH  nepnofl,  xor^a  H3-3a  nacTBix  bohh  h  Meac,zioyco6HH  sko- 
HOMHKa  He  Moriia  ninpOKO  pa3BHBaTt>ca,  rnflpOTexHHHecKoe  ctpoktcjibctbo 
CBeJIOCB  K  yCTpOHCTBy  MaJIBIX  COOpy)KeHHH  BOflMHBIX  MeJIBHHU,,  HeSoJIBHIHX  co- 
opy)KeHHH  fljia  peryjiHpOBaHHK  pyceji  pex,  ana  BO^ocnaO/Keniia  ropoaoB  h  3aM- 
kob.  Pa3BHTHe  TOproBJiH  h  peMecen  noTpe6oBano  yjiynmeHHa  cy^oxoflHBix  yc- 
jiobhh  pex.  H  b  EBpone  b  XIV  b.  30  h.3.  6bijih  nocTpoeHBi  nepBBie  cy^oxoflHBie 

HIJ1K)3BI. 

B  XVII-XVIII  bb.  (JteoflajiBHBiH  CTpoii  CTaji  ce6a  roacHBaTB,  noaBHJiHCB 
MaHy (j) aKTypBi ,  Hanaaca  no^BeM  npOMBimjieHHOCTH  h  ToproBJiH.  B  XVIII  b.hb 
Hanajie  XIX  b.  pa3BHTHe  rHflpOTexHHnecKoro  CTpOHTeJIBCTBa  b  Pocchh  h  flpy- 
rnx  CTpaHax  HaOjuoAajiocB  b  ochobhom  b  o6nacTH  BO^Horo  TpaHcnopTa  h  rnfl- 
pOSHepreTHKH  (yCTpOHCTBO  npOCTeHHIHX  rHflpOyCTaHOBOK),  B03BOflHJIHCB  Tax- 
ace  3aBOflCKne  hjiothhbi,  maBHBiM  o6pa30M  ^epeBaHHBie  h  3eMJiaHBie.  B  Pocchh 
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6bijih  nocTpoeHbi  MapHHHCKan,  TnxBHHCKan  h  BbmiHeBonoHCKan  BOflHbie  chc- 
TeMBi.  C  pa3BHTneM  KanHTajiH3Ma  nocne  H3o6peTemi5i  b  naiane  XIX  b.  5Kene3Hbix 
^opor  h  napOBOH  ManiHHbi  CTpoHTejibCTBO  boahbix  nyreH  h  rpoM03flKHx  rnnpoyc- 
TaHOBOK  3aMeflJiHJiocb.  Hobbih  noflbeM  rnnpoTexnnnecKoro  CTpOHTejibCTBa  Ha- 
nancn  b  KOHpe  XIX  h  naiane  XX  bb.  nocne  inoopeTemifl  THflpaBJiHHecKHx  Typ- 
6hh  h  Bnenpeinui  b  npOMbinuieHHOCTb  ineKTpniecTBa,  xor^a  CTajiH  bo3bohhtb 
rHflpo3JieKTpocTaHu,HH,  a  Taioxe  nocne  nonBJiemm  6eTOHa  n  /KeneiooeTona. 

B  tot  nee  nepno,zi  yBennneHne  TpaHcnopTHbix  noTpeSHOCTen  npOMbim- 
neHHOCTH  n  cejibCKoro  xo3nncTBa  npHBen  k  HOBOMy  pa3BHTHio  boahbix  nyreH, 
pOCT  TOpOAOB  -  K  pa3BHTHK>  BOflOCHaSnceHHH  H  KaHaJIH3aU,HH,  HeoSxOflHMOCTB 
yBennneHnn  cejiBCK0X03nncTBeHH0n  npoflyKpnn  j\jik  y^OBJieTBopeHnn  noTpeS- 
HOCTen  HacejieHna  n  HenpepBiBHO  pa3BHBaiomeHcn  npoMBinuieHHOCTH  -  k  pa3- 
BHTHK)  OpOCHTeJIBHBIX  H  OCyfflHTeJIBHBIX  paSOT. 

06ihhh  no^beM  ypoBHn  HayKH  n  tcxhhkh  no3BOJinji  nocTponTB  mhoto 
rnflpOTexHnnecKHx  coopynceHHH.  BbicoTa  OTflenBHBix  nnoTHH  ^ocTHrana  200- 
300  m  (BbicoTa  njiOTHHBi  BanoHT  b  BTranHH  cocTaBJweT  266  m,  HypeKCKon  nno- 
thhbi  -  305  m,  BnpKencKon  (aponHon)  -  236  m),  CanHO-IHymeHCKon  (apon- 
hoh)  T3C  -  245  m). 

OcHOBHBie  3Tanbi  pa3BHTHa  THflpOTexHnnecKoro  CTpOHTejibCTBa  b  Hanien 
CTpaHe  CBH3aHBi  c  pa3BHTneM  skohomhkh.  ITocne  1920  r.  b  xo^e  BBinojiHeHnn 
nnaHa  T ocy/japCTBeHHon  komhcchh  no  3JieKTpn<j)HKau,HH  Poccnn  (r03JIPO) 
6bijih  nocTpoeHbi  TaKne  rnnpoyinbi,  ktik  Bojixobckhh,  HHMCKe-Cn6npcKnH  Ha 
cjiaSoM  tjihhhctom  ocHOBaHHn  h,  HaKOHeu,,  ^HenpoOC  (1927-1932  rr.)  c  ca- 
MOH  KpynHOH  flJM  TOTO  BpeMCHH  THflp03JieKTpOCTaHU,HeH  B  EBpOne  H  SeTOHHOH 
nJIOTHHOH  flJIHHOH  760  M  H  BBICOTOH  62  M. 

B  XX  b.  b  Hanien  CTpaHe  Sojibinoe  BHHMaHne  y^ennnocb  MennopaTHB- 
HOMy  CTpoHTejiBCTBy.  Tax,  eine  b  1918  r.  B.  H.  JleHHH  no^nncaji  «,Z(eKpeT  06 
opraHH3au,nn  opocnTejiBHBix  pa6oT  b  TypxecTaHe))  [15], 

HHTeHCHBHOe  CTpOHTeJIBCTBO  THflpOTeXHHHeCKHX  COOpynceHHH  BeJIOCB 
fljw  Bcex  OTpacjien  bo^hoto  xo3niiCTBa  b  nepno^  ^OBoeHHBix  miTHJieTOK.  npn- 
CTynnjin  k  KOMnnexcHOMy  ncnojiB30BaHHio  Bojith,  6bijih  nocTpoeHbi  Kan  an 
HMeHH  Mockbbi,  rHflpo3neKTpocTaHu,nn  Ha  KaBxa3e  n  b  Cpe^Hen  A3hh,  Eonb- 
hioh  (PepraHCKHH  KaHan  ^nnHon  350  km  n  pn^  flpyrnx  b  Cpe^Hen  A3hh,  A3ep- 
San^ncaHe,  KpynHbie  nnoTHHbi  Hppnrau,HOHHoro  Ha3HaneHnn  Ha  Ky6aHH. 

CoBeTCKne  THflpoTexHHKH  pa3pa6oTanH  nporpeccHBHbie  KOHCTpyKu,HH 
pa3nHHHbix  THflpOTexHHnecKHx  coopynceHHH,  ycneniHO  peniHB  BecbMa  cnonc- 
Hbie  npoSneMbi  b  oSnacTH  TH^posHepreTHKH  h  MennopapHn. 

Bbinn  co3/iaHbi  opHTHHanbHbie  KOHCTpyKu,HH  SeTOHHbix  h  ncene3o6eTOH- 
hbix  nnoTHH  h  man  nil  rnnpomeKTpocTan  mi  ii  Ha  HecKanbHHx  ocnoBannax,  b 
tom  HHcne  h  npn  Sonbuinx  Hanopax  (npHMepHO  30  m),  nocTpoeHbi  coopynceHHn 
c  aHKepHBiMH  noHypaMH,  c  mnpOKHM  npHMeHeHneM  ^peHanceii,  nnencTbie  h 
flpyrne  oSnemeHHbie  Tnnbi  nnoTHH,  pa3pa6oTaHbi  3(jnj)eKTHBHbie  ycTpoiiCTBa 
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HH>KHero  6te(j)a,  no3BoaaiomHe  aonycTHTB  SoaBHine  yaeaBHBie  pacxoati  npH 
TaKHX  OCHOBaHIMX  (/JO  40-70  M  /c  Ha  1  m). 

IIOJiyHHJIH  HHTeHCHBHOe  pa3BHTHe  IIJIOTHHBI  H3  rpyHTOBBIX  MaTepHanoB  B 
pa3HOo6pa3HBix,  h  b  paae  caynaeB  TaaceaBix,  ycaoBHax  -  Ha  caaObix  ocHOBaHH- 
ax  npH  MHoroaeTHefi  Mep3aoTe  h  b  cypOBBix  KHHMaTHnecKHx  ycaoBHax,  npH 
Sohbhihx  Hanopax;  npH  CTpomreaBCTBe  rpyHTOBBix  naoTHH  HiHpoico  npHMeHa- 
an  MeTOfl  rHflpoMexaHH3au,HH  c  HcnojiB30BaHHeM  3(JxJ)eKTHBHBix  cnocoSoB  Ha- 
MBiBa  naoTHH  H3  necnaiiBix  h  rpaBejiHCTBix  rpyHTOB  (ynnKaaBiiaa  Mmirewayp- 
cxa a  nnoTHHa  b  A3ep6aiiaacaHe);  6bihh  pa3pa6oTaHBi  h  ocbochbi  MeToati  bo3- 
Be^eHHa  naoTHH  otcbihkoh  rpyHTOB  b  Boay  h  HanpaBaeHHBiMH  B3pBiBaMH. 

Pa3pa6oTaHBi  HOBBie  KOHCTpyKpHH  rHapoTexmiHecKHx  coopyaceHHH  H3 
aepeBa  (ycoBepmeHCTBOBaHBi  aepeBaHHBie  naoTHHBi  pyccxoro  rana,  naoTHHBi 
H3  HaKaoHHBix  paacen,  aepeBaHHBie  mai03Bi,  3aTBOpBi  h  np.),  CHHTeTHnecKoii 
TKaHH  (MarKHe  nanoanaeMBie  h  MeMopainibie  naoTHHBi)  h  apymx  MarepnaaoB. 

B  CBa3H  CO  CTpOHTeaBCTBOM  BBICOKHX  OeTOHHBIX  T3C  (rpaBHTapHOHHBIX, 
rpaBHTau,HOHHBix  oSaeraeHHBix,  KonTpc|)opcnBix,  aponiibix)  Ha  CKaaBHBix  ocho- 
BaHH ax,  b  tom  HHcae  Ha  mhotoboahbix  pexax  b  cypOBBix  KaHMaTHnecKHx  pan- 
OHax  Ch6hph  (KpacHoapcKaa  h  HpKyTCKaa  T3C  h  ap.)>  6bihh  pa3pa6oTaHBi 
TKOHOMHaecKHe  KOHCTpyKu,HH  TaKHX  naoTHH  aaa  pa3aHHHBIX  ycaoBHH,  npH 
npoeKTHpoBaHHH  HiHpOKO  npHMeHaaHCB  MO^eaBHBie  HCcae^OBaHHa  npoaHOCTH, 
b  tom  HHcae  c  HcnoaB30BaHHeM  MeTO^a  (j)OToynpyrocTH  c  yaeTOM  aecfieKTOB 
ocHOBaHHH,  ceHCMHKH,  npOBOflHaHCB  SoaBHine  HCcaeaoBamia  no  pa3pa6oTKe 
3(JxJ)eKTHBHBix  Mep  6opb6bi  c  o6pa30BaHHeM  TpeniHH  b  SeTOHe  BcaeACTBHe  ero 
3K30TepMHH  h  KoaeOamiH  BHeniHHx  TeMnepaTyp. 

Pa3pa60TaHBI  papHOHaaBHBie  KOHCTpyKIl,HH  pa3aHHHBIX  BOaOCSpOCHBIX 
coopyaceHHH  h  hx  aaeMeHTOB  c  yaeTOM  aBaeHHH  KaBHTapHH  h  aapapHH,  o6pa- 
30BaHHa  «KaTamHxca»  BoaH,  pa3MBiBOB  HHacHero  6Be(j}a. 

C03/iaHBI  HOBBie  BOfl03a6opHBie  KOHCTpyKU,HH  flaa  pa3aHHHBIX  ycaoBHH, 
yaHTBiBaKDHiHe  rnapaBaHHecKyio  CTpyKTypy  noTOKa,  peacHMBi  HacocoB,  a  Baa  h 
myra. 

YcoBepmeHCTBOBaHBi  pa3aHHHBie  THn&i  h  KOHCTpyKu,HH  coopyaceHHH  Ha 
KaHaaax  (hotkob,  Tpy6,  peryaaTOpOB,  aiOKepOB,  aKBeayKOB,  nepenaaoB),  oco- 
6eHHO  c  npHMeHeHneM  cSopHBix  aaeMeHTOB;  npOBeaeHa  SoaBinaa  paSoTa  no 
yHH(j)HKau,HH  MeaKHx  rnapOMeanopaTHBHBix  coopyaceHHH. 

Pa3pa6oTaHBi  HOBBie  MeToati  6opb6bi  c  (J)HaBTpau,neH  Boati  H3  KaHaaoB; 
ycoBepmeHCTBOBaHBi  oSanpoBKa  KaHaaoB,  b  tom  nncae  Ha  nyamniCTBix  rpyH- 
Tax;  pa3pa6oTaHBi  HOBBie  nporpeccHBHBie  thhbi  TyHHeaBHBix  OTaeaoK  (c6op- 
HBie  h  ap.);  npHMeHaaHCB  TyHHean  SoaBinoro  nonepemioro  cenemia. 

Pa3pa6oTaHBi  HOBBie  h  6oaee  coBepmeHHBie  THnbi  cyaoxoaHBix  mai030B 
(pau,HOHaaBHBie  chctcmbi  HanoaHeHHa  h  onopoacHeHHa  mai030B,  KOHCTpyKpnH 
KaMep  c  HcnoaB30BaHHeM  «caMOHanpaaceHHa»  SeTOHa,  KOHCTpyKpHH  KpynHO- 
raSapnTHBix  mai030B  Ha  HecKaaBHBix  ocHOBaHnax  c  HanopaMH  ao  20  m  h  6o- 
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nee,  cyaono,nbeMHHxoB,  pbiSonponycxHbix  coopyacemiil  (HOBbie  xoHCTpyxii,HH 
pbl60X0flHbIX  niJH030B  H  pblSonO^beMHHXOB)). 

Pa3pa6oTaHBi  HOBbie  3(|)(f)exTHBHbie  ivieTOHbi  perynnpo Banna  pemmix  py- 
cen  (c  ncnojib30BaHHeM  nonepenHoil  u,npxynaii,HH)  h  HOBbie  axoHOMmiecxHe 
Timbi  perynannonnbix  coopy>xennn  (nneTiieBLie,  cSopHO-pemeTnaTbie). 

YcnexH  rHapOTexHHnecKoro  CTpOHTejibCTBa  b  Hameii  CTpaHe  b  3HanH- 
TenbHOH  Mepe  oSecneneHbi  .aocTroxeHHaMH  yneHbix  -  Sonbimix  xonnexTHBOB 
MHoroHHCJieHHbix  HayHHO-HceneaoBaTejibCKHx  n  yneonbix  HHCTmyTOB. 

B  20-e  rr.  nponuioro  CToneTHa  npncTynnjin  k  CTpomrenbCTBy  rnapo- 
CTaHipiii  b  ropHbix  paiiOHax  ,Z],arecTaHa.  B  HacToamee  BpeMa  nocTpoeHa  h  yc- 
nemHO  axcnnyarapyeTca  ceTb  rnapoyanoe  paanunnon  MonniocTn  ana  napon- 
Horo  xo3aiiCTBa  PecnySnnxH  ^arecTaH  [2], 

^arecTaH  b  nepeBoae  03HanaeT  «CTpaHa  rop».  Oxono  30  Bepimm  ^are- 
CTaHa  npeBbimaeT  4  000  m,  a  Bbicmaa  ero  Tonxa  Ea3ap,zpo30  ^ocTiiraeT  bbicotbi 
4  466  m,  OKono  aeyx  aecaTKOB  ropHbix  niixoB  6hh3xh  k  OTMeTKe  4  000  m, 
245-KHnoMeTpOBaa  nonoca  npearopHH  ynnpaeTca  b  nonepenHbie  xpeSTbi,  xo- 
Topbie  oxaiiMnaiOT  orpoMHoii  ayroi!  BHyrpeHHHH  ^arecTaH.  3aecb  b  neaHHxax 
BbicoKoropHH  h  6epyT  CBoe  Hanano  CTpeMHTenbHbie  h  SypHbie  pexn,  o6pa3ya 
pa3BeTBneHHyio  pemiyio  ceTb,  cocToamyio  H3  6onee  neM  6  000  pex.  K  ropHbiM 
OTHOCHTca  92  %  pex  ^arecTaHa,  h  numb  8  %  npOTeicaiOT  b  npearopHbix  h  paB- 
hhhhbix  paiiOHax.  BenHHHHa  cpeflHero  yaenbHoro  na^emia  SonbimiHCTBa  pex 
npeBbimaeT  50  km/h. 

CaMbie  KpynHbie  penHbie  cncTeMbi  -  Cynax  (144  xm)  h  CaMyp  (213  xm). 
TopHbie  pexn  arecTaHa  OTnnnaiOTca  rnySoxHMH  Bpe3aMH  aonnH,  HannHaa 
nOHTH  OT  HCTOXOB,  3HaHHTenbHOH  paCHneHeHHOCTbK)  H  SonbHIHMH  yxnOHaMH. 
CxopocTb  TeneHna  ^ocTiiraeT  1-2  m/c.  B  naBoaxn  cxopocTb  B03pacTaeT  #o 
3-6  m/c.  Pacxoa  boabi  Cynaxa  -  176  m  /c,  cpe/piiii!  yxnoH  -  1,96  %. 

HecMOTpa  Ha  3HawrenbHbie  rHapoaHepreTnnecxne  pecypcbi,  %o  Hanana 
XX  CToneraa  sn e kt po? n e p reT n Ka  b  Jlarecrane  npaxTnnecxn  OTcyTCTBOBana. 
HananoM  ncnonb30BaHna  SoraTenmnx  rnapoaHepreTHnecxHx  pecypcoB  ^are- 
CTaHa  CTana  TepreSenbcxaa  T3C,  xoTopaa  CTana  nepBon  rnapocTaHii,HeH  b 
ropHbix  paiiOHax. 

F naponornnecKne  h  ranpoTexunnecKne  H3bicxaHHa  onpenennnn  MecTO 
CTpOHTenbCTBa  repreSenbcxoii  T3C  Ha  ropHoii  pexe  KapaxoMcy  b  XapmxyM- 
cxom  ymenbe  rymiScxoro  paiiOHa. 

CTpoiixa  6bina  oneHb  Taacenoii,  Tax  xax  pacnonaranacb  b  o^hom  H3  ca- 
mbix  Tpy/jHOflOCTynHbix  ymennii  ,Z(arecTaHa,  b  CTopoHe  ot  ochobhbix  mocceii- 
hbix  aopor.  Bnn>xanmaa  /xenemonopo/xnaa  CTaHipia  naxonnnacb  b  Eyimaxcxe 
b  80  xm  ot  MecTa  CTpOHTenbCTBa.  B  xanecTBe  ochobhoto  rpaHcnopTHoro  cpencTBa 
iicnonb30Banca  ry>xeBon  (6bixn  h  nomann),  Bee  npocenomibie  noporn  b  ropax  Ha- 
HHHaa  c  Eyimaxcxa  Sbinn  3anonHeHbi  HenpepbiBHbiM  noTOxoM  ap6,  Beiymnx  ooh- 
xh  c  u,eMeHTOM  h  npyrne  MaTepnanbi.  Ochobhoh  crpoHTenbHOH  TexHHxoii  cnyacH- 
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jih  nonaTa,  KHpica,  hochjikh,  Tanica,  jiom.  MaKCHManBHoe  hhcjio  paooHnx,  onnoBpe- 
MeHHO  3amiTBix  b  CTpoHTeuBCTBe,  flOxoflHJio  flo  1  500  next.  (pnc.  B.l). 


Phc.  B.l.  BeTOHHpoBaHHe  apoMiioli  iuiothhi>i 
T cpi  cScjibCKOH  T3C 


3a  nepnofl  c  1934  no  1937  rr.  noflpaflHon  oprammiinen  TpecTOM  Kom- 
MyH3HeprocTpon  6bijih  B03Be,neHBi  cneflyiomne  coopy>KeHmi:  aponHO-rpaBH- 
Tan,noHHaa  nnoTHHa,  HanopHBiil  TyHHenB,  3flaHne  CTaminn,  CTponTejiBHBin 
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TOHHejiB  (ana  c6poca  Boati  H3  peicn  b  npopecce  B03BeaeHHa  iijiothhbi),  pacnpe- 
^ejiHTejiBHoe  ycTpoScTBO  h  neBoSepeacHBii!  cSpocHoii  TyHHejiB.  BoaooTBoaHBie 
TyHHeaH  6bijih  nepeicpBiTBi  19  MapTa  1937  r.,  h  caMaa  BBicoxaa  b  CCCP  (70  m) 
h  BTOpaa  b  EBpone  apOHHO-rpaBHTapHOHHaa  nnoTHHa  OBiJia  3aBepmeHa. 

riepBaa  oaepeat  T epreOeuBCKoii  T3C  b  cocTaBe  Tpex  THapoarperaTOB  no 
1,4  MBt  cyMMapHon  mohihoctbio  4,2  MBt  6Buia  BBeaeHa  b  npOMBinuieHHyK) 
3KcnjiyaTau,Hio  b  anpene  1940  r.  B  nocneayiomne  roaBi  moihhoctb  T3C  B03- 
pacTana  3a  cneT  ycTaHOBKH  aononHHTenBHBix  THapoarperaTOB  n  b  HacToamee 
BpeMa  cocTaBJiaeT  17,8  MBt. 

Ha  pnc.  B.2  npHBeaeH  o6hihh  BHa  rnapoy3Jia  c  HHacHero  SBecjia,  rae  Ha 
BTopoM  nnaHe  BH^Ha  nnoTHHa,  a  BHH3y  -  3aamie  T3C. 

CTpoHTejiBCTBO  T epre6ejiBCKOH  T3C  CTano  nepBBiM  onBiTOM  b  CCCP  co- 
opyaceHna  rnapo3JieKTpocTaHu,HH  c  B&icoKOHanopHon  70-MeTpoBon  apoaHO- 
rpaBHTau,HOHHon  nnoTHHon  H3  mohojihthoto  SeTOHa  h  npeacTaBJiano  OrpOM- 
HBIH  HHTepeC  CO  CTpOHTeJIBHOH  TOHKH  3peHHa. 

CoBMemeHHoe  pacnpeaycTpoiiCTBO  c  HanpaaceHHeM  6-35  kB,  rae  b  CTec- 
HeHHBix  ycnoBnax  CTpOHTeJIBHOH  naomaaKH  OTKpBiToe  h  3aKpBiToe  pacnpeae- 
jiHTejiBHBie  ycTpoiiCTBa  pacnojioaceH&i  apyr  naa  apyroM,  -  yHHKajiBHoe  HHace- 
HepHoe  pemeHHe  (pnc.  B.3). 

OmeTKa  ocHOBaHHa  hjiothhbi  -  684,7  m;  m  a  k  c  h  m  an  b  n  a  a  BBicoTa  -  69,53  m, 
AJiHHa  no  rpe6mo  -  76,0  m,  mnpHHa  b  ocHOBaHHH  -  19,8  m,  HinpHHa  Ha  rpeSHe  - 
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1,89  m.  06ihhh  o6bcm  6ctohhoh  KJiaaKH  -  2  100  m  .  Paanyc  3aKpyrjieHHa 
apOHHO-rpaBHTaU,HOHHOH  nJIOTHHBI  -  50  M. 

B  cocTaB  THapoy3Jia  Bxoanr  naoTHHa,  npaBo6epeacHBiH  BoaocSpoc,  Jie- 
BoSepeacHBiH  6e3HanopHBiii  TyHHejiBHBiii  BoaocSpoc,  BoaonpHeMHHK  maxTHoro 
Tnna,  HanopHBiii  TyHHejiB,  HanopHBiii  TpySonpOBoa,  OTBoaamHH  KaHaji,  CTapoe 
3aanne  T3C  c  acyMa  r  n  a  p  o  a  r  p  e  r  a  t a m h ,  OTKpBiToe  pac n peaea htch b noe  ycTpoii- 
ctbo  (OPY)  c  nanpa/KemieM  35  kB  h  Tpai iccjjopMaTopnaa  noacTaHipia  (pnc.  B.4). 

B  2004  r.  b  5  km  ot  T epreSejiBCKoro  raapoy3Jia  BBirne  no  TeaeHHio  peKH 
KapaKoiicy  OBiaa  BBeaeHa  b  SKcnayaTamno  FynnocKaa  rHapoaaeKTpocTaimna  c 
apOHHO-rpaBHTau,HOHHOH  naoTHHoii  (pnc.  B.5,  B.6).  Boaoxpafflunime  rymi6- 
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ckoh  F3C  c  noaiiBiM  oobcmom  10  Man  m  CTaao  aKKyMyaaTOpOM  BoaBi  aaa 
CTaSnaBHOH  paSoTBi  T epreSeaBCKOH  T3C  c  moihhoctbio  1 5  MBt. 

B  HCKyccTBeHHBix  npyaax  B03ae  3aaHHa  repreSejiBCKoii  T3C  6biho  C03- 
aaHO  pBi6Hoe  xo3ailcTBO,  rae  BBipamHBaaacB  <J)opeaB  h  apyrne  nopoati  pbi6. 
Boaa  H3  BoaoxpamiaHuia  ncnoaB30BaaacB  Taicace  aaa  opomeHHa  oaH/KaiiuiHx 
caaoBBix  ynacTKOB,  rae  BBipamHBaaHCB  paiJinmiBie  copTa  aSpHKOCOB  h  nepcHKOB. 

BoaoxpaHHanme  rymiScKOH  T3C  nepBBiM  npHHHMaao  Ha  ce6a  naBoa- 
KOBBie  Boati,  3a  cneT  aero  3HaaHTejiBHO  yayamnaHCB  ycaoBHa  paSoTBi  rnapo- 
TypSnH  repreSeaBCKoii  T3C.  nocTynaiomaa  cioaa  Boaa  CTaaa  3HawrejiBHO 
nnme.  Baaroaapa  3TOMy  yMeHBHinaacB  CTeneHB  a6pa3HBHoro  H3HOca  npOToa- 
hoh  Haem  rnapOTypSHH  h  3anaeHHa  BoaoxpaHHanma  TepreOeaBCKOH  T3C. 
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Phc.  B.2.  06mHH  BHfl  i  H^poy3Jia  fcprcScjibCKcm  f3C  ((J)oto  aBTopa) 
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B  1 963  r.  6bijio  HanaTO  CTpOHTejiBCTBO  HepKencKOH  T3C  Ha  peice  CycaK 
C  yCTpOHCTBOM  apOHHO-rpaBHTaU,HOHHOH  nJlOTHHBI  (pHC.  B.7),  a  B  1974  r.  THfl- 
pocTaHu,Ha  SBiJia  BBe^eHa  b  3KcnjiyaTau,HK),  ycTaHOBOHHaa  moluhoctb  - 
1  000  MBt.  HepKeScKoe  BOflOxpaHHJiHme  MHoroneTHero  peryjiHpOBamM  HMeeT 

3  2 

nojie3HBiii  o6bcm  1,32  MJip^  m  bo^bi  h  naoma^B  3epKaaa  42  km'. 


Phc.  B.3.  PacnpeaenHTejibHoe  ycrpoHCTBO  TepreSejibCKOH  T3C  (cj)OTO  aBTopa) 

ApoHHaa  naoraHa  BepiceHCKOH  T3C  (pnc.  B.7)  Ha  peice  Cyjiaic  b  /)are- 
CTaHe  bbicotoh  230  m  pacnoncmeHa  b  eeHCMHHecKOM  paiiOHe.  B  Mae  1970  r. 
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npOH3oniJio  3eMneTpiiceHiie  chjioh  6onee  6  SajuiOB.  CneayeT  otmcthtb,  hto, 
OKa3aBniHCt  b6jih3h  >n imeiiTpa  3eMJieTpaceHHa  pa3pyniHTejibHOH  chjibi  h  Ha- 
xoaacb  eme  b  CTa^HH  B03BeaeHHa,  apOHHaa  nnoTHHa  He  nojiyHHJia  3HaHHTejib- 
HBIX  nOBpOK^eHHH  [2], 


Phc.  B.4.  ManiHHHbiH  3an  c  i  pcxia  arpcraraMH  TepreSejibCKOH  T3C  (c})oto  aBTopa) 

BamieiimiiM  paHonoM  irmpoTexHiraecKoro  CTpOHTejiBCTBa  b  1959-1975  rr. 
aBJiaaacb  U,eHTpanbHaa  Ch6hpb.  3HaMeHaTejibHBiM  3TanoM  b  ocbochhh  rnapo- 
3HepropecypcoB  KpynHeHnnix  pex  Ch6hph  6bijio  coopy^Kemre  Ha  AHrape  b 
1954-1966  rr.  BTopoii  rHapo3JieKTpocTaHu,HH  -  BpaTCKOH  T3C.  06pa30BaHHoe 
naoTHHOH  BpaTCKOH  T3C  BoaoxpannHHuie  HMeeT  nojie3HBiH  oobcm  48  Mapa  m  . 
OrpOMHBiMH  3anacaMH  rnapoaHepropecypcoB  oSaa^aeT  EHHceii.  IlepBaa  rna- 
poajieKTpocTaHpHa  Ha  EHHcee  -  KpacHoapCKaa  T3C  (pnc.  B.8).  3^ecb  Ha 
CKaJIBHOM  OCHOBaHHH  B03Be,H,eHBI  SeTOHHaa  nJlOTHHa  /JJIHHOH  1  100  M  H  BBICO- 
TOH  flO  124  M  C  BOflOCJIHBOM,  3^aHHe  T3C.  B  COCTaB  OCHOBHBIX  COOpy>KeHHH 
rHapoy3Jia  bxoaht  TaK>Ke  HaKJiOHHBiH  cyaonoabeMiniK  c  noBopoTHBiM  ycTpoii- 
CTBOM  [9]. 
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Phc.  B.5.  ApoHHaa  nnoTHHa  fyiiHScKOM  T3C  (<J)oto  aBTopa) 


13 


Ha  EHHcee  nocTpoeHa  Taxace  KpynHeHHiaa  b  MHpe  CaaHO-IUymeHCKaa 
T3C  (MOmHOCTBK)  6,4  MJ1H  kBt)  C  apOHHO-rpaBHTai],HOHHOH  nJlOTHHOH  BblCO- 
toh  245  m,  npii  ajiHHe  no  rpe6mo  1  066  m,  c  uiiipHHon  b  ocHOBamni  105,7  m, 
Ha  rpeSHe  -  Bcero  25  m  (pnc.  B.9).  CocTaBHaa  nacTb  CaaHCKoro  rnapOTexHH- 
necKoro  KOMnneKca  6biJia  B03BeaeHa  b  20  km  HHace  no  TeneHnio  -  KOHTppery- 
Jinpyiomaa  MaiiHCKaa  T3C  (pnc.  B.10),  He  tojibko  peryjinpyiomaa  ypOBeHB 
Boati  b  EHHcee,  ho  ii  BbipaSaTbiBaiomaa  aonoaiiHTeabno  1,6  MJip^  kBt  h  ojieK- 
TpoaHeprHH  b  rofl. 


Phc.  B.6.  06iiihh  bh a  TyHiiScKOH  njiOTHHbi  c  BepxHero  6bec|)a  ( cpo  io  aBTopa) 

Ha  npHTOKe  EHHcea  XaHTaiiKe  coopyaceHa  caMaa  ceBepHaa  b  CTpaHe 
YcTb-XaHTaHCKaa  T3C  c  KaMeHHO-3eMJiaHOH  hjiothhoh  h  no,a3eMHbiM  3,naHHeM 
T3C.  B  i ieoo>KHTOM  paiiOHe  Boctohhoh  Cuonpn  Ha  Bnaioe  (PecnySjiHKa  Caxa  - 
^Kyraa)  6bijih  nocTpoeHbi  nepBaa  (1960-1968  rr.)  h  BTopaa  (1970-1976  rr.) 
onepean  mohihoh  Bhjhohckoh  T3C. 
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a 


6 

Phc.  B.7.  06mHH  BHfl  HepKeMcKOH  T3C  ((J)oto  aBTopa): 
a  -  bh£  CBepxy;  6  -  bh#  c  HHacHero  6becj)a 
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Phc.  B.8.  KpacHoapcKaa  T3C 


Phc.  B.9.  CaaHO-IUynieHCKaa  T3C  hm.  n.  C.  Henopoamero 
(bha  c  aeBoro  6epera) 
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Phc.  B.10.  MaiiHCKaa  T3C 


PaCCMaTpHBaeTCM  B03M0>KH0CTb  OCymeCTBHTB  B  flaJIBHeiimeM  CTpOH- 
TenBCTBO  Ha  EHHcee  moihhbix  rHApo3JieKTpocTaHu,Hii:  Cpe^He-EHMceiicKOH 
(6  000  MBt)  h  Ochhobckoh  (6  500  MBt),  a  Ha  AHrape  -  EEnKHeaHrapCKOH 
(2  200  MBt),  a  Taioice  TyHryccKOH  T3C  (no  7  000-8  000  MBt)  Ha  npHTOKe 
Emicea  HH>KneH  TyHrycice. 


17 


P  a  3  a  e  Ji  1 


OBIIJHE  CBEflEHHH 

O  rH^POTEXHHHECKHX  COOPY^CEHIMX, 
HX  OCHOBAHHHX  H  YCJIOBHHX  PABOTBI 


r  ji  a  b  a  1 

K  JI  AC  CHOHK  AIJHH 

m^POTEXHHHECKHX  COOPY2KEHHH, 
rH^POY3JIOB  H  TH^POCHCTEM. 
YCJIOBHH  HX  PABOTBI 


rudpomexHunecKUMU  co opy.vcen uhm u  na3BiBaiOTCH  ini/KenepiiLie  co- 
opyjKeHHM,  npeAnaBnawennbie  AJia  ncnoabaoBaniiJi  npnpOAHBix  boahbix  pecyp- 
cob  (rpyHTOBbix  boa,  pex,  03ep)  hjih  ajih  npeAOTBpameHHn  BpeAHoro  bo3aghct- 
bhu  boabi  Ha  OKpyjxaiomyio  cpeAy  (pa3MbiB  SeperoB,  HaBOAHeHHn,  cejin).  IIpH 
noMomH  THApoTexHHHecKHx  coopyjxeHHH  mo>kho  HenocpeACTBemio  ynpaBjnrrb 
BOAOTOKaMH  h  BOAoeMaMH  b  cooTBeTCTBHH  c  TpeSoBafflMMH  noTpeSHTejieii  (pe- 
ryjiHpoBaTb  ypoBeHb  h  pacxoA  boabi,  pokhm  HaHOCOB,  H3MemiTb  HanpaBJiemni 
BOAHoro  noTOKa,  ocymecTBJWTb  nponycx  jibAa,  opomeHHe  h  t.  a-)- 

r HApOTexHHHecKHe  coopy'/Kenuji  pa3JiHHHoro  naBnaweniui  ctpout  b  ca- 
mbix  pa3HOo6pa3Hbix  reoaoninecKiix,  riiApojioniHecKMx  h  k  ji  m m bthhc  ckhx  yc- 
JIOBHUX,  n03T0My  HX  THnbI  H  KOHCTpyKU,HH  BCCbMa  pa3H006pa3HbI. 


1.1.  KjiaccM^MKayiiH  ruapoTexHHHecKHX  coopyjKemiH 

no  MecTy  pacnojiojKeHHn  (t.  e.  no  pOAy  BOAOTOxa  hjih  BOAoeMa,  Ha  xo- 
TOpOM  ohh  nocTpoeHbi)  rHApOTexHHnecKHe  coopy^xemni  AeJiOT  Ha  penubie, 
MopcKue,  03epnbie,  npydoebie,  enympucucmeMHbie  h  nod3eMHbie. 

no  xapaxTepy  BbinojiHiieMbix  cJiyiiKmiH  pa3JiHnaiOT  cjieAyiomHe  bhabi 
rHApoTexHHnecKHx  coopy>xeHHH  [7,  15]. 

•  eodonodnopnbie  -  AJia  C03Aamni  Hanopa  boabi  (hjiothhbi,  a^mGbi); 

•  eodonpoeodmpue  -  a jm  noAanH  boabi  k  MecTy  ee  noTpeSjieHHn  (xaHa- 
jibi,  TyHHejin,  jiotkh,  TpyoonpoBOABi); 

•  eodocdopnbie  -  a jm  c6opa  h3jihhikob  boabi,  a  Taioxe  AJia  nojie3Hbix 
nponycKOB  b  hh>xhhh  6bc(J)  (boaocjihbbi,  niySHHHbie  h  cncjiOHHbie  boaoc6opbi); 
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•  pezyjiupoeoHHbie  (< sbinpaeumejibHbie )  -  rjik  yicpenneHmi  6eperoB  h  pe- 
ryjiHpOBaHH^i  B3  a  m  ivi  o  a  s  h  c  t  b  m  a  pewnoro  noTOKa  c  pycnoM  hjih  peryanpoBanna 
B03/J6HCTBH5I  bojih  h  Tenemui  Ha  6epera  BO,noeMOB  (SeperoyKpenHTejiBHbie  co- 
opyjKeHHM,  CTpyenanpaBaHiouiiie  aaiviobi.  rnnopbi). 

no  pejieBOMy  (BO,noxo3flHCTBeHHOMy)  Ha3HaneHHK)  Bee  rH,a,poTexHHHe- 
CKHe  coopy^Kemni  ^ejiaT  Ha  ^Be  rpynnbi:  odipezo  Ha3HcmemiH  h  cnei}uajibHbie 
coopyDtcemin,  k  kotopbim  othocatca  BO,nonpOBO,zpimHe  h  peryjinpoBOHHbie,  hx 
Hcnojib3yK)T  fljia  ny>Ka  pa3JiHHHbix  OTpacjieii  Boanoro  xo3flHCTBa. 

Pa3JiHnaK)T  caeayiouiiie  cnemiaabiiBie  ruapoTexiiMHecKiie  coopy/Kemia: 

•  MejiHOpaTHBHbie  (KaHajibi,  HacocHbie  CTaHu,HH  h  flpyrne  coopy^Kemni, 
npeAHa3HaHeHHbie  fljia  opomemui,  oSbo^hchh^i  h  ocymeHmi  3eMenb); 

•  BOflHOBHepreTHHecKHe  (3/iaHmi  rHflpo3JieKTpocTaHu,HH  h  /i;p.); 

•  BO^HOTpaHcnopTHbie  (KaHajibi,  nuiK)3bi,  cynono/ibeMHHKH,  mojibi,  boji- 
HOJiOMbi,  npHCTaHH  h  npHHajibi); 

•  jiecocnjiaBHbie  (jiotkh,  SpeBHoenycKH,  6ohbi); 

•  pbl60X035IHCTBeHHbie  (pblSonOfl'beMHHKH,  pblSoXOflbl,  pbl60B0flHbie 
npyflbi). 


PhC.  1.1.  CxeMa  paCIIOJIOVKCHHM  IH,lipOTCXI[HHCCKHX  COOpy>KeHHH 
Ha  opocHTejitHOH  CHCTeMe:  1  -  cyaoxoflHbiH  hijho3;  2  -  njiOTHHa; 
3  -  npoMbiBHOH  nponeT  njiOTHHbi;  4  -  paiacjimcjibiiaH  CTeHKa;  5  - 
KapMaH-OTCTOHHHK;  6  -  rojiOBHoe  coopy>KeHHe  opocHTejibHoil 
CHCTeMbi;  7  -  T3C;  8  -  ocperoyKpcnmcjibnoe  coopy>KeHHe;  9  - 
MamcTpajibHbiH  Kanaji;  10  -  cSpocnoc  coopyacemie;  11,  14  -  nojniop- 
Hbie  coopy/KciiHa;  12, 13  -  peryjurropbi;  15  -  opocmejibnax  CHCTeMa; 
16-  aKBe^yK  hjih  aioKcp;  17  -  nepenaa  hjih  Sbici  poi  oK 
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no  KanHTajiBHOCTH  Bee  nocmoHHHbie  rHflpOTexHHnecKHe  coopyixeHHii 
AejniT  Ha  neTLipe  KJiacca  (c  I  no  IV),  a  epeMeunbie  othocht  k  V  KJiaccy.  Bpe- 
MeHHLIMH  HBJHHOTCH  OCHOBHBie  COOpyJKeHHH  B  nepHOfl  CTpOHTeJIBCTBa  HJ1H  HX 
peMOHTa.  Knacct.1  KanHTajiBHOCTH  rHflpOTexHHnecKHx  coopyixeHHH  Mejinopa- 
THBHBIX  CHCTeM  npHBefleHbl  B  Ta6n.  1.1  [15]. 


TaojiHua  1.1 

Kjiaccbi  KanHTajibHOCTH  riiApoTexHiiHecKiix  coopyaceHiiii 


rLiomaflb  MejiHopaTHBHbix  3eMejib, 

o6cjiy>KHBaeMbix  coopy>KeHHeM,  tbic.  ra 

Kjiacc  nocioamibix  coopy>KeHHH 

OpomeHHe 

Ocymemie 

OCHOBHbIX 

BTopocTeneHHbix 

400  h  6ojiee 

- 

II 

III 

Ot  50  ao  400 

50  h  6ojiee 

III 

IV 

MeHee  50 

MeHee  50 

IV 

IV 

npHMepHaa  cxeMa  pacnojiojKeHHn  THflpOTexHHHecKHx  coopyixeHHH  Ha 
opocHTejiBHoii  CHCTeMe  H3o6paiKeHa  Ha  pnc.  1.1. 

J\jih  Ka)K^oro  KJiacca  coopyixeHHH  ycTaHOBJieHa  Ha/iOKHOCTB  h  CTeneHB 
tohhocth  Tex  hjih  HHBix  pacHeTOB,  hto  flocTHraeTcn  BBeflemieM  onpe,nejieHHbix 
pacneTHBix  cxeM,  K03<jxf)Hii,HeHT0B  3anaca,  CTpoHTejiBHBix  MaTepnajiOB  h  ^p. 


1.2.  rHflpoy3JlbI,  THapOCHCTeMbl  H  HX  KJiaCCH^HKai]HH 

rudpoy3JioM  Ha3tiBaiOT  rpynny  THflpOTexHHHecKHx  coopy/Kenun,  o6be- 
flHHeHHBIX  yCJIOBHUMH  COBMCCTHOH  paSOTbl  H  MeCTOnOJIOJKeHHeM. 

no  MecTy  pacnoao/Kenna  pajjniiaiOT  rnapoysabi  peniibie,  Ha  Kanaaax, 
MOpCKne,  03epHbie  h  npy/iOBbie,  a  no  ocHOBHOMy  Ha3HaneHHio  -  SHepreTHne- 
CKne,  BO^HOTpaHcnopTHbie,  BOA03a6opHbie,  opocnTejibHbie,  peryjinpyiomHe 
ctok  peKH  fljia  Hcnojib30BaHHn  ero  b  pa3JiHHHbix  pejinx. 

rudpocucmeMoii  Ha3biBaiOT  KOMnjieKC  niApoTexmiHeckTix  coopy/Kenun 
(o6bihho  ohh  o6beflHHeHbi  b  HecKOJibKO  THflpoy3JiOB),  KOTOpbie  MoryT  pacnojia- 
raTbca  co  3HanHTejibHbiM  y/iaaenneM  flpyr  ot  flpyra,  ho  cjiyiKaT  ana  BbinojiHe- 
hhh  o6mnx  BOAOxo3MHCTBeHHbix  3a£an. 

no^oSHO  mflpoy3JiaM  TH^pocHCTeMbi  MoryT  6biTb  cneu,najiH3HpoBaHHbi- 
MH  H  KOMnJieKCHbIMH . 

npH  HCn0JIb30BaHHH  peKH  B  TCX  HJIH  HHbIX  H,eJHIX  HHOT.Ha  npHXOflHTCM 
C03/iaBaTb  HecKOJibKO  coopyiKeHHH  pa3Horo  Ha3HaneHHn,  pacnojiaran  hx  npn- 
MepHO  Ha  oflHOM  MecTe.  OcoSeHHO  Sojibinoe  hhcjio  THflpocoopyiKeHHH  nojiyna- 
eTCn  b  tom  cjiynae,  Korna  pexa  nepeKpbiBaeTCn  hjiothhoh  h  HMeeT  KOMnjieKC- 
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Hoe  BOAOxo3^iiCTBeHHoe  HcnonB30BaHHe.  H3  3KOHOMHnecKHx  h  sxcnayaTapH- 
ohhbix  ycnoBHH  OTflejiBHbie  coopy'/Kemia  oobeamiaiOT  b  o6ihhh  ruapoyBea. 

Bo^y  Ha  opomeHHe  h  BO,nocHa6aceHHe  3a6npaK)T  coopyacemiaMH,  pacno- 
aaraeMBiMH  xax  b  pexe,  Tax  h  b  Haaaae  (roaoBe)  MarncTpaabHoro  xaHaaa.  Ta¬ 
xon  rnapoyaea  nasbiBaeTca  zojiohhum  nan  eodo3a6opHbiM  (pnc.  1.2). 


Phc.  1.2.  Boao3a6opHbiH  y3ea  coopy>KeHHH: 

1  -  miOTHHa  (BoaocSpocHaa);  2  -  cyfloxofl- 
HbiH  nuiK)3;  3  -  rojiOBHoii  peryjiBTop;  4  -  Ma- 
racTpajibHbiH  KaHaji;  5  -  pbiSoaarpa^Hicjib; 

6  -  flopora;  7  -  otctohhhk;  8  -  pbiSoxo# 

IIpH  He^ocTaTKe  b  pexe  boabi  Ha  opomeHHe  h  ,naa  c6opa  noBepxHOCTHoro 
CTOxa  no  cyxofloaaM  ycTpaHBaiOT  BOflOxpaHHaHma.  Ohh  no3BoaaiOT  ocymecT- 
BaaTb  ce30HHoe,  roflHHHoe  nan  MHoroaeTHee  peryanpoBaHne  CTOxa.  5 ?3eji  eo- 
doxpaHUJiuufHbix  coopyj/cemiu  (pnc.  1.3)  oobihiio  BxaiowaeT  rayxyio  naoTHHy 
(name  3eMaaHyio  nan  xaMeHHO-HaSpocHyio),  BO^ocSpocHoe  coopyaceHHe  .zpia 
OTBO^a  H3  BOflOxpaHHaHma  aamHeii  boabi  b  nepnofl  naBO^xa,  BOfl03a6opHBie 
ycTponcTBa  b  BH^e  BO^OBbinycxoB  b  opocHTeabHbie  xaHaabi,  ^ohhbih  cnycx  ^aa 
noaHoro  onopoacHeHHa  BOflOxpamiaHma,  HacocHyio  CTamimo  ^aa  30hbi  Ma- 
HiHHHoro  opomeHHa.  IIpH  SoabiHHx  BOflOxpaHHaHmax  MHoroaeTHero  peryan- 
poBaHna  co3/iaeTca  xoMnaexc  coopyaceHHH. 
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Phc.  1.3.  BcxuoxpaiiMJiMLunbiH  y3CJi  coopy>KeHHH:  1  -  iuiOTHHa;  2  -  bo- 
flOBbinycK  b  opocHTejib;  3  -  opocmaibiibiM  KaHaji;  4  -  aoinibiM  boao- 
cnycK;  5  -  oi  bo/ihluhh  KaHaji;  6  -  Boaocopocnoe  coopy>KeHHe;  7  -  moct; 

8  -  noflBOfljimHH  KaHaji;  9  -  TpySonpoBoa;  10  -  HacocHaa  CTaHu,Ha; 

11  -  BO^oxpaiiHJiHiuc;  Hliy  -  noMHiiajibiibiH  naBOflKOBbifi  ypoBeHb 

OcHOBHoe  HanSonee  OTBeTCTBeHHoe  coopyjxeHHe  6ojn>iHHHCTBa  rH^po- 
y3JiOB  -  nnoTHHa. 


1.3.  OcoSeHHOCTH  H  yCJIOBHH  paSOTbl 
THapOTeXHHHeCKHX  coopy5KeHHH 

r HflpOTeXHHHeCKHe  COOpy^KeHHa  B  OTJIHHHe  OT  TIpyrHX  HH5KeHepHBIX  co- 
opy)KeHHH  paooTaiOT  b  nocToannoM  KOHTaKTe  c  aBM/KymeMca  hjih  Haxofl^meii- 
ca  b  noicoe  BOfloii,  KOTOpaa  OKa3BiBaeT  Ha  hhx  MexaHHHecicoe,  <J)H3hko- 
xHMHnecKoe  h  SHOJiorHnecKoe  B03fleHCTBHe. 

MexammecKoe  eo3deucmeue  boabi  npoaBaaeTca  b  BH^e  CTaTMHecKnx  h 
^HHaMHHecKHx  Harpy30K,  b  3HaHHTejibHOH  CTeneHH  onpefleinnomHx  cj)opMy  h 
pa3Mept.i  coopy/Kemia.  Oho  b  nepByio  onepeab  ^ojdkho  ynuTbiBaTbca  npn 
CTpoHTejibCTBe  noflnopHbix  rnflpoTexHHHecKHx  coopy>KeHHH,  KOTopbie  nocne 
3anojiHeHHa  BOflOxpaHHJiHma  OKa3biBaiOTCfl  no/i  HanopOM  h  HcnbiTbiBaiOT  ^aB- 
jieHHe  BOflbi.  Tax,  zudpocmamimecKoe  daenemie,  ^eHCTByiomee  b  roprooH- 
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TanBHOM  HanpaBJieHHH  co  ctopohbi  BepxHero  6be(j)a,  CTpeMHTCH  cflBHHyTB  hjih 
onpOKHHyTB  coopyjKemie  (pnc.  1.4). 


m  m 


Phc.  1.4.  CxeMbi  B03iiCHCi  BHH  BOflbi  Ha  ScTonnyio  (a)  h  icvumiyio  (6)  njiOTHHbi:  1  -  noHyp; 
2  -  rnnyHTj  3  -  boaoSoh;  4  -  pncSepMa;  5  -  /ipeHa>KHaa  npn3Ma;  6  -  #enpeccHOHHas  xpHBas; 
YBE  -  ypoBeHb  BepxHero  6bC(|ia;  YHE  -  ypoBeHb  iih/Kiici  o  6bC(|)a 


3anonHeHHe  BO,noxpaHHJiHma  npHBOflHT  k  H3MeHeHHio  ecTecTBeHHoro 
pe>KHMa  pycnoBoro  noTOKa  h  rpyHTOBBix  bo^  xax  b  BepxHeM,  Tax  h  hhjxhcm 
6be(j)e,  hto  HenocpeflCTBeHHO  BJimieT  Ha  paSoTy  BOflonoflnopHBix  coopy>xeHHH. 
Cxopocra  TeneHHa  b  BO,noxpaHHJiHme  BCJieflCTBHe  yBejiHHemni  rjiySHH  3HanH- 
TejiBHO  yMeHBHiaKDTca  no  cpaBHeHHio  c  6bitobbimh,  oflHaxo  Ha  no^xofle  x  bo- 
flOCSpOCHBIM  COOpy>XeHH5IM  OHH  B03paCTaK)T  H  MOryT  BBI3BaTB  pa3MBIBBI  flHa  B 
BepxHeM  6Be<j)e  (Taxan  onacHOCTB  B03HHxaeT,  HanpHMep,  npn  nponycxe  boabi 
nepe3  ^OHHBie  OTBepCTHu),  hto  TpeSyeT  b  HeoSxoflHMBix  cjiynanx  ycTponcTBa 
nepea  coopy/xemieM  xpenaemui.  npn  n  pox  one  noTOxa  c  Oojibhihmh  cxopocniMH 
(20-30  m/c  h  6ojiee)  nepe3  boaocjihb  (cm.  pnc.  1.4)  B03HHxai0T  duHaMunecKue 
nazpy3Ku  Ha  coopy/xemie,  a  b  hhjxhcm  6Becj)e  inepnia  noTOxa  MO>xeT  BBBBaTB 
pa3MBiB  rpyHTa  ocnoBamifl,  onacnbiii  ana  coopy>xenH5i,  hto  TpeoyeT  cootbctct- 
ByiOUIHX  3aUHlTIIBIX  MepOnpHHTHH  (HanpHMep,  yCTpOHCTBa  BOHOOOH,  pHCSepMBl). 

^HHaMHHecxne  Harpy3xn  Ha  runpoTexiiMHecKiie  coopy/xemiJi  B03HHxaK)T 
Tax>xe  npn  y^apax  bojih,  npn  flBH^xeHHH  <J)HJiBTpau,HOHHoro  noTOxa  b  ocHOBa- 
hhh  h  b  Tejie  coopyjxeHHM  (cm.  pnc.  1.4),  npn  ^chctbhh  ceilcMHHecxHx  chji  bo 
BpeMH  3eMJieTpHCeHHH,  XOTOpBie  XpOMe  HenOCpeflCTBeHHOTO  B03fleHCTBHH  Ha 
COOpyJXeHHe  BBI3BIBaK)T  flOnOJIHHTeJIBHBie  HHepU,HOHHBie  CHJ1BI  B  npHJieraiOHIHX 
x  HeMy  Maccax  boabi,  a  b  coopy^xemnix  H3  rpyHTa,  HacBimeHHoro  bo^oh,  o6y- 
cjiaBJiHBaKDT  noHBJieHHe  flHHaMHnecxoro  nopoBoro  flaBJieHHu. 

B  3hmhhh  nepnofl  B03M05XH0  B03HHXH0BeHHe  CTaTHHecxHx  Harpy30x  Ha 
coopyjxeHne  npn  TepMHnecxoM  pacmnpeHHH  cnjiomHoro  ne,zpffloro  noxpoBa 
hjih  HaBajie  jieflUHBix  nojieii  no^  fleiiCTBHeM  BeTpa  h  TeneHHH,  ^HHaMHHecxHx 
Harpy30x  ot  y/japoB  nnaBaiomero  jiB^a  npn  nponycxe  ero  nepe3  rnflpoy3eji,  a 
Tax>xe  Harpy30x  ot  npOMep3mero  JieflHHoro  noxpoBa  npn  xoneSamuix  ypOBmi 
BOflBi,  xoTopBie  MoryT  npHBecTH  x  HapymeHHK)  xpenjieHHH  otxocob  36mjihhbix 
nJlOTHH. 
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IIpH  (j)HJlBTpaU,HH  BOflBI  B  OCHOBaHHH  COOpy>KeHJM  B03HHKaeT  TaK  H33BI- 
BaeMoe  npomueodaejiemie  -  cJmjiBTparmoHHoe  naBJieHHe,  HanpaBJieHHoe 
CHH3y  BBepx  (cm.  pnc.  1.4),  KOTopoe  yMeHBinaeT  conpOTHBJieHHe  coopyixemni 
CflBHry,  3aBHC^mee  ot  ero  coScTBemioro  Beca  Cr.  <J>HJiBTpau,HOHHBiii  noTOK 
M05KCT  BBI3BaTB  B  rpyHTaX  OCHOBaHHH  pa3JIHHHBie  BHflBI  (J)HJlBTpaU,HOHHBIX  fle- 
<J)opMau,HH:  xHMHnecKyK)  h  MexammecKyio  cy(fx})03HK),  B&mop  rpyHTa  npH  bbi- 
XOfle  (J)HJlBTpaU,HOHHOrO  nOTOKa  B  HH5KHHH  6bC(J),  KOHTaKTHBIH  pa3MBIB.  Eojib- 
moe  BJlPMHHe  OKa3BIBaeT  cjMJIBTpaH,HOHHBIH  IIOTOK  Ha  paSOTy  3eMJUIHBIX  nJlOTHH, 
3HaHHTeJIBHaa  HaCTB  KOTOpBIX  HaXOflHTCM  B  30He  erO  fleHCTBHM  (pHC.  1.4,  6)  [8], 
Cy<JxJ)03H5i  h  BBinop,  npoHCxommme  non  neilcTBHeM  nBHJKymeiioi  bo^bi 
b  nopax  rpyHTa,  Moryr  BBi3BaTB  HOKejiaTejiBHBie  ero  ^e(j)opMau,HH. 

^BJieHne  MexammecKou  cyc/jc/xrntu  B03HHKaeT  tojibko  b  iiecBnaamiBix 

HJ1H  MaJIOCB5I3aHHBIX  TpyHTaX  H  COCTOHT  B  TOM,  HTO  nOfl  fleHCTBHCM  SOJIBHIHX 
CKopocTen  (J)HJiBTpau,HH  MejiBnaHHine  nacTHimi  HanmiaiOT  nepenBHraTBcn  no 
nopaM  h  yHOCHTBCfl  bo^oh  no  HanpaBJieHHio  jihhhh  tokob.  BcjiencTBHe  bbihocb 
nacTHu,  yBejiHHHBaeTCM  o6bcm  nop  b  rpyHTe,  ero  K03(Jxj)nu,neHT  <J)njiBTpau,nn,  a 
cne^OBaTejiBHO,  n  ckopoctb  TeneHHn.  C  poctom  nocjienHHx  yBJiexaiOTCfl  n  6o- 
Jiee  KpynHBie  nacTHimi.  B  3aBHCHMOCTH  ot  CTpyKTypBi  n  cocTaBa  rpyHTa  bbimbib 
MenKHx  nacTnu,  mojkct  npnBecTH  k  o6pa30BaHHio  nycTOT  n  HepaBHOMepHBiM 
ocanxmi  coopy>KeHH5i,  a  HHorna  n  k  ero  aBapnn. 

npn  xuMunecKou  cy<p(p03iiu,  KOTOpaa  name  BCTpenaeTcn  b  CKajiBHBix  no- 
ponax,  nponcxoflHT  pacTBopeHne  HexoTopBix  coennHeHHH  n  nx  bbihoc. 

B  rjiHHHCTBix  rpyHTax  cycjxjiOBna  He  B03HHKaeT,  Tax  xax  chjibi  CHemeiiiia 
(MOJiexyjMpHoro  nanpH/Kemia)  npemiTCTByiOT  OTpBiBy  nacTHH,  oomeii  MaccBi. 
B  3thx  rpyHTax  name  naGnionaeTcn  eunop,  eymHOCTB  xoToporo  coctoht  b  tom, 
nro  Ha  Bbixone  113-non  nmpoTexnnHecKoro  coopy/Keinia  cjmnBTpamioiiiiBiM  noTOK 
HanpaBJieH  nonra  b epTHKajiBHO  CHH3y  BBepx  h,  OKa3BiBan  B3BeniHBaiomee  naBJie- 
Hne  Ha  BepxHHe  cjioh,  MO>KeT  npiinoninrrB  hx  nan  otmctkoh  nna  iin>Knero  6Becj)a. 

0u3UKo-xuMuuecKoe  eo3deucmeue  bohbi  BBi3BiBaeT  Koppo3HK>  MeTan- 
JinneCKHX  3JieMeHTOB,  KaBHTai],HK),  KOTOpan  MO'/KCT  B 03HHKHyTB  B  30HaX,  me 
noTOK  oSTexaeT  coopyuceHHe  c  Sojibhihmh  ckopoctamh  h  o6pa3yeTcn  3Hann- 
TenBHBiH  BaxyyM,  xHMHnecKyio  cyc|x|)03Mio  b  rpyHTax  ociiOBaiiim,  conep/Kamnx 
jierKopacTBopHMBie  BemecTBa  (xaMeHHyio  cojib,  rnnc)  h  np- 

EuojiozunecKoe  eo3deucmeue  Bonw  CBH3ano  c  /KirmeneHTenBiiocTBio 
pa3JIHHHBIX  o6HTaiOmHX  B  HeH  OpraHH3MOB,  B  pe3yJIBTaTe  KOTOpOH  MOUCeT  npo- 
hcxoahtb  3apacTaHHe  TpySonpOBonoB,  xaHanoB,  rHHeHne  nepeBUHHBix  coopy- 
IKeHHH  (nJIOTHHBl)  H  np- 

MHoroo6pa3ne  BOsneiiCTBiiH  bohbi  Ha  ranpOTexminecKHe  coopy/Kemia  b 
coneTaHHH  c  hchbim  pa/joM  npyrnx  bo3mo)khbix  B03nencTBiin,  o  neM  6bijio  ciamiio 
BBIHie,  H  CaMBIMH  pa3H006pa3HBIMH  KJIHMaTHHeCKHMH,  H II  >Ke  II  ep  II O  -  reO  HO  Ml  H  CC  - 
KHMH  H  rHnpOJIOraneCKHMH  yCJIOBHUMH  CTpOHTeJIBCTBa  BBI3BIBaeT  IieOOXOHHMOCTB 
HHnHBHnyajiBHoro  nonxona  K  npoeicmpOBaHHK)  Ka^moro  coopy/Kemia. 
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1.4.  KjiaCCM^MKai]MH  iijiothh 
H  HX  KOHCTpyKUHH 


IIjiomuHbi  -  3to  rHapocoopy^eHHn,  neperopa>KHBaK)mne  bo^hbih  noTOK 
h  TeM  caMBiM  noflHHMaKDmne  (noanHpaiomHe)  ypOBeHB  bo^bi  nepea  co6oh. 
HacTB  BO^oeMa  hjih  BoaoTOKa  c  6ojiee  bbicokhm  ypOBHeM  boabi  Ha3BiBaeTCn 
eepxnuM  6be<poM,  a  htctb  c  apyroii  ctopohbi  iijiothhbi  -  hujichum  6be<poM. 
Pa3HOCTB  ypoBHeM  b  3thx  6Becj)ax  onpeaeJineT  Hanop  Ha  coopyjKeHHe. 

rijIOTHHBI  KJiaCCH(J)HU,HpyK)TCM  nO  BOaOX03HHCTBeHHOMy  Ha3HaneHHK), 
BBicoTe  no/jBeMa,  cnocoSy  nponycxa  bo^bi  H3  BepxHero  6Be<J)a  b  hhjkhhh  h  Ma- 
TepHajiy,  H3  KOTOporo  ohh  B03BeaeHBi. 

IIo  Ha3HaHeHHio  njiOTHHBi  pa3/ieJiMK)T  Ha  BOflonoA'teMHBie  h  BoaoxpaHH- 
HHHiHBie.  Bodonod'beMHbie  hjiothhbi  noanHpaiOT  ypOBeHB  bo^bi  Ha  HeSojiBHiyio 
B&icoTy  fljia  SjiaronpHMTHoro  3a6opa  bo^bi  H3  peKH,  KOMaHaoBaHHn  Haa  TeppH- 
TopneH  ee  TpaHcnopTHpoBaHHu.  BodoxpammuxpHbie  hjiothhbi  nepeicpBiBaiOT 
aojimiy  peKH  \ie >Kay  kopchhbimh  oeperaMM  h  o6pa3yiOT  b  o  a  o  x  p  a  n  m ji h lh a 
SojiBHiOH  eMKOCTH,  peryjinpyiomHe  ctok  pex.  K  BoaoxpaHHJinmHBiM  othochtch 
h  HeSojiBHine  njiOTHHBi,  co3aaiomHe  npyaBi. 

no  BBicoTe  noateMa  Boati  hjiothhbi  aeJWTCn  Ha  HU3KonanopHbie  c  rjiy- 
6hhoh  Boabi  y  hjiothhbi  ao  15  m,  cpedneHanopubie  c  rjiySmiOH  15-50  m  h  eu- 
coKOHanopHbie  c  rjiySHHoii  6ojiee  50  m. 

no  cnocoSy  nponycKa  Boati  H3  BepxHero  6Be(J)a  b  hhjkhhh  pa3JiHnaiOT 
«2Jiyxue»  njiOTHHBi  6e3  OTBepcTHH  jpm  nponycKa  naBoaKOB,  eodocjiuenbie  c  ne- 
pejiHBOM  Boabi  nepe3  rpe6eHB  h  iijumoebie,  noaeJieHHBie  SbiKaMH  Ha  OTaejibHBie 
npojieTBi,  nepeKpBiBaeMBie  3aTBOpaMH. 

no  poay  npHMeHeHHn  CTpOHTejibHBix  MaTepnajiOB  hjiothhbi  SBiBaiOT 
3eMJWHBie,  KaMeHHBie  h  KaMemio-3eMjniHBie,  SeTOHH&ie  h  5Kejie3o6eTOHHBie, 
aepeBaHHBie  h  H3  pa3HBix  MaTepnajiOB. 

1.4.1.  3eMJiHHbie  njioTHHbi 

3eMJiRHou,  a  TaK5Ke  zpyumoeou  hjiothhoh  Ha3BiBaiOT  BoaonoanopHoe 
COOpy)KeHHe,  B03B0aHM0e  H3  OaHOpOaHBIX  HJIH  HeOaHOpOaHBIX  no  MexaHHHe- 
CKOMy  cocTaBy  rpyHTOB. 

njiOTHHBi  H3  rpyHTOB  naxoaflT  caMoe  HiHpOKoe  npHMeHeHne  b  npaKTHKe 
THapOTeXHHHeCKOTO  CTpOHTeJIBCTBa.  OHH  flBJHHOTCH  OCHOBHBIM  COOpyJKeHHeM  B 
BOaOXpaHHJIHmHBIX  THapOy3JiaX,  a  TaK/Ke  BXOaHT  B  COCTaB  peHHBIX  THapOy3JIOB 
jiioSoro  Ha3HaneHHM,  Koraa  C03aaeTCn  pa3HOCTB  ypoBHeii  ObccJiob.  3HaHHTejiB- 
Hoe  pacnpocTpaHeHne  nojiynHJiH  3eMjniHBie  hjiothhbi  b  Boaoxo3HHCTBeHHOM 
CTpOHTeJIBCTBe,  OCOSeHHO  THapOMeJIHOpaTHBHOTO  Ha3HaneHHH,  npH  yCTpOHCTBe 
aaM6  oSBajiOBaHHn,  HacBineii  KaHajiOB  h  np. 
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OcHOBHoe  h  cymecTBeHHoe  npeHMymecTBO  3eMJMHBix  iijiotjih  coctoht  b 
TOM,  HTO  HX  B03Be^eHH5I  HCnOJIB3yiOT  MCCTHBIH  CTpOHTCJIBHBIH  MaTepHan  - 
rpyHT.  IIojiyHeHHe  ttoto  MaTepnajia  CBH3aHO  c  3aTpaTaMH  tojibko  Ha  bckpbitbix 
paSoTax  b  xaptepax,  He3HanHTejiBHBiMH  no  cpaBHeHHio  c  o6meii  ctohmoctbk) 
coopy'/KemiJi. 

KpOMe  toto,  3eMjniHBie  hjiothhbi  oSjia/iaiOT  cjie,nyiomHMH  ^ocTOHHCTBa- 
mh  [4,  18]: 

•  bo3mo>khocti>  B03BefleHHa  b  jikdSbix  reorpa(J)HHecKHx  pailOHax; 

•  COXpaHeHHe  npOHHOCTH  H  yCTOHHHBOCTH  B  CeilCMHHeCKHX  yCJIOBHMX; 

•  npHMeHHMOCTb  fljia  B03BefleHHa  npaKTHnecKH  jho6bix  rpyHTOB,  Haxo- 
JTflTTTHXCfl  Ha  MCCTe  CTpOHTeJIBCTBa; 

•  MexaHH3au,Ha  Bcex  npopeccoB  no  pa3pa6oTKe,  nepeMememiio,  yKJia^Ke 
h  ynjiOTHeHHio  rpyHTOB; 

•  coxpaHeHne  rpyHTOM  Tejia  hjiothhbi  cbohx  cbohctb  co  BpeMeHeM,  ot- 
cyTCTBne  HeoSxoflHMOCTH  b  3aTpaTax  Ha  peMommie  paSoTBi  b  npopecce  tkc- 
njiyaTau,HH,  3a  hckjhohchhcm  peMOHTa  noKptiTHH  BepxHero  OTKOca. 

K  He^OCTaTKaM  3CMJHIHBIX  nJlOTHH  MO>KHO  OTHCCTH  HeB03M0>KH0CTB 
c6poca  naBO^KOBBix  pacxo^OB  HenocpeflCTBeHHO  nepe3  hhx,  HajiHHHe  b  hx  Tejie 
cf)HJiBTpai],HOHHoro  noTOKa,  noTeHu,HajiBHO  co3/iaiomero  ycjiOBHa  j\jik  .necjiop- 
Mau,nn  Tejia  hjiothhbi,  Sojibhihc  <])HJiBTpau,HOHHBie  noTepn  boabi  npn  hckoto- 
pBix  rpyHTax,  sacTaBaHiounie  npoMeiniTB  cnepnajiBHBie  npOTHBO(j)HJiBTpau,HOH- 
HBie  yCTpOHCTBa. 

Kjiacci«J)HKamiH.  3eMjniHBie  hjiothhbi  KJiaccH(|)HH,HpyiOT  no  pa^y  npn- 
3HaKOB  (pnc.  1.5-1.10). 

llo  ebicome  parjinwaiOT  3eMjuiHBie  bbicokhc  hjiothhbi  -  c  MaKCHMajiBHBiM 
^eiiCTByiomHM  HanopOM  6ojiee  50  m,  cpe/piei!  bbicotbi  -  c  HanopoM  15-50  m  h 
HH3Kne  -  c  HanopoM  MeHee  15  m. 

no  cnocody  eo3eedemm  3eMJWHBie  hjiothhbi  MoryT  6bitb: 

•  HacbinHBie  c  HCKyccTBeHHBiM  ynjiOTHeHneM  rpyHTa; 

•  HacBinHBie  6e3  HCKyccTBeHHoro  ynjiOTHeHHa  rpyHTa  -  c  OTCBimcoii  ero 
nno HepHBiM  cnocoSoM  Hacyxo  hjih  b  BO^y; 

•  HacBinHBie,  o6pa30BaHHBie  c  npHMeHeHHeM  HanpaBJieHHoro  B3pBiBa; 

•  HaMBIBHBie,  B03BefleHHBie  CpeflCTBaMH  THflpOMexaHH3aU,HH. 

no  KOHcmpyKi(uu  (coraacHO  CHhII  2.06.05-84)  pa3JiHnaiOT  3eMjniHBie 
njioTHHBi  oflHopoflHBie  (pnc.  1.5,  a),  HeoflHopoflHBie  (pnc.  1.5,  6,  e);  c  ricpaHOM 
H3  HerpyHTOBBix  MaTepnajiOB  (pnc.  1.5,  2);  c  rpyHTOBBiM  a^pOM  -  BepTHKajiB- 
hbim  hjih  HaKJiOHHBiM  (pnc.  1.5,  0);  c  HerpyHTOBOH  ,zpia<|)parMOH  (pnc.  1.5,  e );  c 
rpyHTOBBiM  TKpaHOM  (pnc.  1.5,  Jtc). 

no  KOHcmpyKijuu  npomueo(pujibmpai(uoHHbix  ycmpoucme  b  hx  ocHOBa- 
hhh:  c  3y6oM  (pnc.  1.5,  2);  c  hhbckli,hohhoh  (u,eMeHTau,HOHHoii  h  ^p.)  3aBecoii 
(pnc.  1.5,  0);  co  ctchkoh,  mnyHTOM  (pnc.  1.5,  e );  c  noHypoM  (pnc.  1.5,  jic). 
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f//V 

Phc.  1.5.  Bh^w  3CMJiHiibix  HacbinHbix  iijiothh:  a  -  onnoponnbic;  6,  e  -  nco/niopoHiibic; 
2  -  3KpaH  H3  HerpyHTOBbix  MaicpwajiGB;  d  -  rpyHTOBoe  aapo;  e  —  c  HerpyHTOBbiM  Ma- 
TepHajiOM;  j/c  -  c  noHypoM:  1  -  Teno  ruiOTHHbi;  2  -  noBepxHOCTb  .qenpeccHH;  3  -  flpe- 
Ha>K;  4  -  KpenneHHe  otkocob;  5  -  BepxoBaa  rpymoBaa  npo'iHBO(|BiJ[bipauHomiaa 
npH3Ma;  6  -  flnacjiparMa;  7  -  BepxoBaa  npH3Ma;  8  -  HH30Baa  npH3Ma;  9  -  nepexo^HbiH 
cjioh;  10  -  3KpaH  H3  HerpyHTOBbix  MaTepnajiOB;  11  -  rpyHTOBoe  s/ipo;  12  -  rtempajib- 
n an  rpym  oBaa  npH3Ma;  13  -  innym  hjih  CTeHKa;  14  -  nonyp;  15  -  HirbCKHMomiaa 
(u,eMeHTau,HOHHaa)  3aBeca;  16  -  3y6;  17  -  rpyHTOBbiii  3KpaH 
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Flo  Mamepuajiy  -  KaMeHHbie  h  KaMeHH0-3eMJMHtie  njiOTHHbi  6e3  npHMe- 
HeHHa  BJDKymHX  BCHJCCTB  (pHC.  1.6). 

no  npomueo(pujibmpai(uoHHbiM  ycmpoucmeaM  u  cnocooy  npou3eodcmea 
padom  iuiOTHHbi  no,npa3/iejnnoTCfl  Ha  cneflyiomHe  ocHOBHbie  bh^bi: 

•  KaMeHHO-3eMJi>iHbie:  c  rpyHTOBbiM  3KpaHOM  (pnc.  1.6,  a);  c  rpyHTOBbiM 
aflpOM  (pnc.  1.6,  <5);  c  BepxoBoii  rpyHTOBOH  nproMOH  (pnc.  1.6,  e,  2 );  c  pempajib- 
HOH  rpyHTOBOH  npH3MOH  (pHC.  1.6,  2)\ 

•  KaMeHHO-HaSpocHbie  (pnc.  1.7):  c  3KpanoM  H3  HerpyHTOBbix  MaTepnanoB 
(pnc.  1.7,  a);  c  Anacj)parMOH  (pnc.  1.7,  6). 


Phc.  1.6.  Bh^m  KaMcn i  io-3Cmjih  i 1 bix  iijiothh:  a  -  c  rpyHTOBbiM  OKpanoM;  6  -  c  rpyHTO¬ 
BbiM  a/ipoM;  e  -  c  BepxoBoii  rpyHTOBOH  npH3Moii;  2  -  c  aempajibHOH  rpyHTOBOH 
npH3Moii;  1  -  KpenneHHe  BepxoBoro  OTKOca;  2  -  rpyHTOBbin  3icpaH;  3  -  nepexo^Hbie 
cjioh  (oSpaTHbie  (JiHJibTpbi);  4  -  rpyHTOBoe  xjipo;  5,6-  BcpxoBan  h  HH30Ba»  npn3Ma;  7,8  — 
BcpxoBaa  h  ucm  pajibiiaa  rpyHTOBbie  npoTHBOc|)HJibTpaii,HOHHbie  npH3Mbi 


Phc.  1.7.  Bmibi  Ka\icm io-i ia6pocn bix  iijiothh:  a  -  c  3KpanoM  H3  HerpyHTOBbix  MaicpnajiOB; 

6  -  c  jiHaf|)pai  Moii;  1  -  Tejio  njiOTHHbi;  2  -  HCMcmaHHomian  3aBeca;  3  -  6eTOHHbiii  3y6; 

4  -  >Kejie3o6eTOHHbiH  3icpaH;  5  -  noflSKpaHOBaa  KJia^Ka;  6  -  BepxoBaa  npH3Ma;  7  - 
jiHa(|)pai  Ma;  8  -  nepexojnibic  cjioh;  9  -  HH30Baa  npn3Ma 

B  npaKTHKe  CTpoHTejibCTBa  njiOTHH  b  ropHoii  mccthocth  npHMemnoT 
cnoco6  yKJia^KH  rpyHTa  b  Teno  rnflpoTexHHHecKHx  coopy>KeHHH  npn  noMomn 
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HanpaBJieHHBix  B3pMB0B  (pHC.  1.8).  B3pE.iBOHa6pocHi.1e  nnoTHHBi  noflpa3flenB- 
lOTCH  Ha  nJlOTHHBI  C  HHbeKIl,HOHHbIM  HflpOM  (pHC.  1.8,  Cl)  H  C  3KpaHOM  (pHC.  1.8,  6). 


a  6 

Phc.  1.8.  Biiflbi  B'jpbiBonaopociibix  iijiothh:  a  -  c  mrbCKunomibiM  ajjpoM;  6  -  c  3KpanoM; 

1  -  KOHTyp  HaBana;  2  -  Komyp  pacHcruoro  npo(|)Hjia;  3  -  HirbCKUHonnoc  ajipo; 

4  -  HH'beKu.HOHHaB  3aBeca;  5  -  3icpaH;  6  -  noHyp 

Tnn  H  KOHCTpyKU,HK)  nJlOTHH  Bbl6HpaK)T  Ha  OCHOBaHHH  TeXHHKO- 
BKOHOMHHeCKOrO  CpaBHeHHH  BapHaHTOB  B  3aBHCHMOCTH  OT  ee  (J)yHKU,HOHaJIBHO- 
ro  Ha3HaneHH3i,  HiraceHepHO-reojiorHHecKHx,  THflpojiorHHecKHx  ycjiOBHH,  c  yne- 
TOM  CeHCMHHHOCTH  paHOHa,  KOMnOHOBKH  rHflpOy3Jia,  HaJIHHHH  MeCTHBIX  CTpOH- 
TejibHbix  MaTepHajiOB. 

IIjIOTHHbl  H3  rpyHTOBbIX  MaTepHajiOB  n  p  H  M e  I  HI  I O T C H ,  KaK  npaBHJIO,  a™ 
riiyxHx  ynacTKOB  HanopHoro  cjipoiiTa  rn,rpoy3JiOB. 

HaMbIBHbie  IIJIOTHHbl.  HaMbIBHbIMH  Ha3bIBaK)T  3eMJIMHbie  nJlOTHHbl, 
^ocTaBKy  h  yKJia^Ky  rpyHTOB  b  KOTopbix  npOH3BO,zpiT  cpe^CTBaMH  rnflpoMexa- 
HH3aU,HH. 

HaMbIBHbie  nJlOTHHbl  B  3aBHCHMOCTH  OT  rpyHTOB  TeJia  nJlOTHHbl  h  cnoco- 
6ob  B03BefleHHn  noApa3flejiMK)Tca  Ha  o/iHopoflHbie,  Heo^Hopo^Hbie  h  kom6hhh- 
poBaHHbie  (pHC.  1.9). 

Odnopodubie  hjiothhbi  MoryT  obitb  c  npHHyflHTejibHO  c|) o p m h p y e m b i m m 
OTKOCaMH  (pHC.  1.9,  a),  CO  CB060flH0  (|) OpMHpy eMBIMH  OTKOCaMH  -  BepXOBbIM 
(pHC.  1.9,  6)  hjih  o6ohmh,  y3iconpocj)HJibHbie  (pnc.  1.9,  e). 

Heodnopodubie  hjiothhbi  noApa3AeJiiiiOTCM  Ha  hjiothhbi  c  n^pOM 
(pHC.  1.9,  e)  H  C  peHTpaJIBHOH  30H0H  (pHC.  1.9,  z). 

KoMdumipoeaHHbie  hjiothhbi  ycTpaiiBaiOTcn  c  HacbinHbiM  ajipoM  H3  tjih- 
HHCTOTO  rpyHTa  H  HaMbIBHbIMH  SOKOBBIMH  30HBMH  (pHC.  1.9,  9)  H  C  HaCbinHBIMH 
SaHKeTaMH  H3  ropHOH  Maccbi  h  HaMbiBHOH  o^Hopo^Hoii  pempajibiiOH  30hoh 
(pnc.  1.9,  e ). 

3eMJIHHbie  nJlOTHHbl,  B03B0,aHMbie  B  yCJIOBMHX  BeHHOH  Mep3JIOTbI. 

njiOTHHbi  H3  rpyHTOBbix  MaTepHajiOB,  B03B0flHMbie  b  paiiOHax  pacnpocTpaHe- 
HHH  BeHHOMep3JIBIX  rpyHTOB  (b  eeBepHOH  CTpOHTeJIBHO-KJIHMaTHHeCKOH  30He), 
no  npHHii,Hny  CTpOHTejibCTBa  h  TeMnepaTypHOMy  pe>KHMy  hx  Tejia,  corjiacHO 
CHnn  2.06.05-84,  no,npa3,ziejnHOTOi  Ha  flBa  THna:  Tajibie  (hjih  (fmjibTpyiomHe), 
h  Mep3Jibie,  nepe3  Tejio  KOTopbix  (J)HJibTpaH,Hii  He  flonycicaeTai  (pnc.  1.10).  Bbi- 
6op  njiOTHHbi  onpeflejineTCn  HiHKeHepHO-reojiorHHecKHMH  h  Mep3JiOTHO- 
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rpyHTOBMMH  yCJIOBIMMH  B  CTBOpe  COOpyJKeHHa  H  HaJIHHHeM  MeCTHBIX  CTpOH- 
TeJIBHBIX  METepHaHOB  [8], 


5  «  1 


e  2 


Phc.  1.9.  Bh^w  HaMbiBHbix  iijiothh:  a,  6  -  oflHopoflHbie;  e,  2  -  HeoflHopoflHbie;  d,  e  - 
kom6hhhp OBaHHbie ;  1  -  KperuieHHe  BepxHero  OTBeca;  2  -  apcna/K;  3  -  HaMbiBHoe  aapo; 
4  -  HaMbiBHbie  npoMC/KyiOMiibic  30Hbi;  5  -  HaMbiBHbie  ookobbic  30Hbi;  6  -  HaMbiBHaa 
u,eHTpajibHaa  cjiaSoBOflonpommaeMaa  30Ha;  7  -  6oKOBbie  HacbinHbie  30Hbi  (SamceTKii); 
8  -  cchcmoc'i  ohkoc  KpenjieHHe  OTKOca;  9  -  HacbinHoe  rjiHHHCToe  aapo 


3ej\umHbie  HacbinHbie  majibie  momimbi  no,npa3fziejnnoTCtf :  Ha  oflHopoflHBie 
(pHC.  1.10,  a);  c  rpyHTOBBiM  3KpaHOM  (pnc.  1.10,  6);  c  a^pOM  (pnc.  1.10,  e);  c 
peHTpaJIBHOH  npH3MOH  (pHC.  1.10,  2)\  C  flHa(J)parMOH  (pHC.  1.10,  0);  C  3KpaHOM 
H3  HerpyHTOBBix  MaTepnaiiOB  (pnc.  1.10,  e). 

npOTHBO(j)HJlBTpaH,HOHHbie  yCTpOHCTBa  B  OCIIOBailHHX  TaJIBIX  nJlOTHH 
npHMemnoT  c  3y6oM  (pnc.  1.10,  6,  e,  e );  c  HHBeiciiHOHHOH  (u,eMeHTau,HOHHOH) 
3aBecoii  (pnc.  1.10,  e)  h  co  ctchkoh  H3  rnnyHTa  (pnc.  1.10,  0). 

3eMjmnbie  HacbinHbie  Mep3Jibie  momimbi  noflpa3flenaK)TCM:  Ha  o/jHOpo/i- 
HBie  C  Mep3JIOTHOH  3aBeCOH  (pHC.  1.10,  Jfc)\  C  flflpOM  H  C  Mep3JIOTHOH  3aBeCOH 
(pHC.  1.10,  3);  C  peHTpaJIBHOH  npH3MOH  H  C  Mep3JIOTHOH  3aBeCOH  (pHC.  1.10,  u). 

IIpOTHBO(j)HJlBTpaH,HOHHBie  yCTpOHCTBa  B  OCHOBafflMX  Mep3JIBIX  nJIOTHH 
npHMeHaKDT  C  Mep3JIOTHOH  3aBeCOH  (pHC.  1.10,  d,  JfC ,  u)  H  C  3y60M  B  COHeTaHHH 
C  Mep3JIOTHOH  3aBeCOH  (pHC.  1.10,  3). 
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u 

Phc.  1.10.  Tnnbi  h  BHflbi  iCMJiMiibix  HacbinHbix  iijiothh,  B03B0flHMbix  b  ceBepHoil 
cipoHicjibiio-KJiHMai  HHCCKOH  301  ici  a-e  -  Tajibie  ruioTHHbi;  j/c-u  -  Mepaabie;  1  -  Teno 
ruiOTHHbi;  2  -  noBepxHOCTb  acnpeccHu;  3  -  apcna>K;  4  -  KperuieHHe  otkocob;  5  -  Teruio- 
H30Jiau,H0HHbiH  cjioh;  6  -  flna(J)parMa;  7  -  BepxoBas  npH3Ma;  8  -  HH30Ba»  npH3Ma;  9  - 
nepexoflHoii  cjioh;  10  -  3Kpan  H3  HerpyHTOBbix  MaTepHajiOB ;  11  -  rpymoBOC  aapo;  12  - 
ucmpajibiiaa  rpymoBaa  npo'i  HBO(|)HJibipauHonna>i  npH3Ma;  13  -  rnnyHT  hjih  CTeHKa; 
14  —  rpyHTOBbiii  3KpaH;  15  -  HiibCKUHomiaa  (ucMcmaiiHomiaH)  3aBeca;  16,  17  -  u,e- 
MeHTau,HOHHbie  rajiepeH;  18  -  3 a m o p a ac h b a i o lh a m  CHCTeMa;  19  -  jihhhs  pa3ncjia  Tajioro 
h  Mep3Jioro  rpyHTOB;  h  -  BbicoTa  njiOTHHbi;  b  -  niHpHHa  njiOTHHbi  noHH3y;  bwn  -  hih- 
pHHa  npoTHBO(J)HJibTpaii,HOHHoro  ycTpoMcTBa  noHH3y;  bup—  niHpHHa  njiOTHHbi  no  rpc6mo; 
m,h  -  K03(J)(J)HII,HeHT  BepXOBOrO  OTKOCa;  m,  -  K03(})({)HII,HeHT  HH30B0r0  OTKOCa 
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CHhII  2.06.05-84  peKOMeH^yeT  npH  HajiHHHH  hcckojibkhx  rpyHTOB, 
CJI05KCHHBIX  H3  MaJIO-  H  Cpe^HeOKHMaeMBIX  npH  OTTaHBaHHH  Mep3JIBIX  rpyHTOB, 
npHMemiTB  Mep3JiBie  hjiothhbi  c  bapom,  a  Ha  chjibhojibahctbix  ocHOBamnix  - 
Mep3JiBie  njiOTHHBi  c  peHTpajiBHOH  npoTHBO(J)HJiBTpau,HOHHOH  npH3MOH.  Bojiee 
noflpoSHO  njiOTHHBi  b  paiiOHax  bchhoh  Mep3JiOTBi  paccMOTpeHBi  b  pa3fl.  2,  rji.  2. 

1.4.2.  EeTOHHbie  njioTHHbi 

BeTOHHBie  njiOTHHBi  coopyxcaiOTCB  Ha  mhotoboahbix  pexax  co  3HanH- 
TeJIBHBIMH  naBOflKaMH,  XapaKTepH3yK)TCM  npOTBBCCHHBIMH  SeTOHHBIMH  BOflO- 
cjihbhbimh  njiOTHHaMH,  npHnjiOTHHHBiMH  3/jafflMMH  T3C  h  HajiHHHeM  Ha  6epe- 
tobbix  ynacTKax  (b  hihpokhx  CTBOpax)  rpyHTOBBix  njiOTHH  hjih  ocTomiBix  niy- 
xhx  njiOTHH.  Ha  ropHBix  h  npeflropHBix  ynacTKax  boaotokob  bo3boaatcb  nno- 
THHHBie  H  nJ10THHH0-rpaBHTaU,H0HHBie  rHflpOy3JIBI  C  BBICOKHMH  njiOTHHaMH  H3 
rpyHTOBBix  MaTepnajiOB  hjih  oeTona;  Sojibhihhctbo  tthx  rHjipoysjiOB  bbjibiot- 
CB  KOMnJieKCHBIMH.  B  yCJIOBHBX  IHHpOKHX  peHHBIX  flOJIHH  C  pa3BHTBIMH  nOH- 
MeHHBIMH  TeppaCaMH,  o6pa30BaHHBIMH  CJI05KHBIM  KOMnJieKCOM  CKaJIBHBIX  H  He- 
CKaJIBHBIX  nopofl,  H  npH  ^OCTaTOHHOH  npOTBBCCHHOCTH  CKaJIBHBIX  nJIOHia/IOK 
HanSojiee  npneMJieMBiMH  ranaMH  bbicokhx  hjiothh  bbjibiotcb  Maccueno- 
Konmp(popcHbie  hjih  zpaeumaijuoHHbie  eodocnueubie  SeTOHHBie  hjiothhbi,  npn- 
cnocoSjieHHBie  jpia  nponycKa  ctpohtcjibhbix  h  3KcnjiyaTau,HOHHBix  pacxoAOB 
BOflOTOKa  H  A JIB  pa3MemeHHH  B  nJIOTHHaX  BOflOnpOBOfl^HIHX  TpaKTOB  k  pacno- 
JIOBCCHHBIM  HHBCe  3^aHHHM  T3C  [7], 

npH  B03BeAeHHH  demonnou  6odocjiii6Hou  momuHbi  e  mupoKOM  cmeope 
nponycK  ctpohtcjibhbix  pacxoAOB  ocymecTBJiBeTCB  nepe3  CTecHeHHoe  pycjio 
peKH,  a  nocjie  nepeicpBiTHB  ochobhoto  pycjia  -  nepe3  hcckojibko  BpycoB  boao- 
cSpocHBix  OTBepCTHH  h  AaJiee  nepe3  hojihoctbio  hjih  HenojiHOCTBio  3aKOHneH- 
HBIH  BOflOCJIHB.  npHMepOM  TaKOTO  peiHCHHB  BBJIBCTCB  KpaCHOBpCKHH  THflpO- 
y3eji  (pHC.  1.11),  b  cocTaB  coopyBceHHH  KOToporo  bxoa^t  SeTOHHan  njiOTHHa  - 
«rjiyxaB»,  BOflOCJiHBHan  (pnc.  1.11,  no3.  4)  h  CTaHpHB  T3C  (pnc.  1.11,  no3.  2), 
npHnjiOTHHHBie  3AaHHB  T3C,  TypSnHHBie  TpySonpOBOABi,  pa3MemeHHBie  Ha  hh- 
30boh  rpaHH  njiOTHHBi,  HaKJiOHHBiii  cyAonoABeMHHK  h  OTKpBiTBie  pacnpeAeJiH- 
TejiBHBie  ycTpoiiCTBa.  BoAOCJiHBHaB  njiOTHHa  pa3MemeHa  b  jieBo6epe>KHOH  nac- 
th  pycjia  h  HMeeT  ceMB  boaocjihbhbix  OTBepCTHH  npojieTOM  ao  25  m,  o6meii 
nponycKHoii  chocoShoctbio  14  600  m3/c  (pnc.  1.12,  a).  3flaHHe  T3C,  pacnojio- 
5KeHHoe  3a  hjiothhoh  b  hhbchch  nacra  (pnc.  1.12,  6),  npeACTaBJiBeT  Sctohhbih 
apMHpOBaHHBIH  MaCCHB,  CnOCOSCTByiOHIHII  BCJie^CTBHe  3aMOHOJIHHHBaHHH  IHBa 
MOK^y  njiOTHHoii  h  T3C  yBejiHHeHHio  conpOTHBJiaeMOCTH  cflBHry  Sctohhoh 
nJIOTHHBI  [7], 

B  y3KHx  CTBopax  ropHBix  peK  bo3boaat  apoHHbie  jtcene3o6emoHHbie 
«2Jiyxue»  momuHbi,  HanpHMep  rymiScKaB  T3C  (cm.  pnc.  B.5)  b  PecnySjiHice 
,II,arecTaH.  B  cocTaB  hx  coopyBceHHH  bxoaat:  apoHHBie  hjiothhbi,  TyHHejiB  ajib 
nponycKa  naBO^KOBBix  boa  h  npHnjiOTHHHBie  CTaHu,HH  T3C. 
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Phc.  1.11.  npcwojibHbiH  nnaH  i  n^poy3Jia  KpacHospcicoH  T3C:  1  -  'manna  T3C;  2  -  cianuHonnaa  ruioTHHa;  3  -  BoaocjiHBnaa  nnoTHHa;  4  - 
«rjiyxaa»  pycaoBaa  ruioTHHa;  5  -  npaBoSepeacHaa  SeperoBaa  «rjiyxaa»  ruioTHHa;  6  -  to  ace  pycaoBaa;  7  -  npaBoSepeacHaa  «rjiyxaa»  iijio  i  h- 
Ha;  8  -  Momaaciiaa  ruioma/pca;  9  -  BepxoBoii  cyaoxoaiibiil  nyn>;  10  -  to  ace  hh30boh;  11  -  noBopoTHoe  yci  poilci  Bo;  12  -  cyaoxoanaa  KaMepa 


4(axami£8S,0 


my  !83j>  ~ 


tjHaKt^HB±91.3 
Nunym±3i.7 
v  70,55 


Phc.  1.12.  IljiOTHHa  KpacHoapcKOH  T3C:  a  -  boaocjihb:  1  -  ^OHHbie  BOflOcSpocbi 
2  -  u,eMeHTau,HOHHaa  3aBeca;  3  -  CMOTpoBbie  rajiepeH;  6  -  3/iannc  f3C 
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OcBoemie  KpynHBix  peK  oSycjiaBJiHBaeT  u,ejiecoo6pa3HOCTB  co3flamui  bo 
mhothx  cjiynanx  HanopHoro  (f)pOHTa  H3  6ucokux  demonmix  ruiomuH,  coopy- 
)KaeMBix  oobiHiio  Ha  CKajibHbix  ocHoeamiRX. 

ITjiothhbi  KpacHO^pcKOH,  Yctb-Hjimmckoh,  BpaTCKoii  h  pa^a  flpyrnx 
rHflpo3JieKTpocTaHu,HH  HMeK)T  KJiaccHHecKHH  TpeyrojiBHBiii  npo<J)HJib,  6e3BaKy- 
yMHoe  oiepTamie  boaocjihbhoh  rpaHH  h  BepTHKajiBHyK)  HanopHyK)  rpaHB.  Fpa- 
BHTapHOHHBie  iuiOTHHBi  EpaTCKoro,  MaMaKaHCKoro  h  KpacHOupcicoro  rH,apoy3- 
jiob  BbinojiHeHbi  oSjierneHHBiMH  [9], 

BeTOHHaa  nnoTHHa  BpaTCKoii  T3C  bbicotoh  125  m  h  o6meii  .zijihhoh 
1  420  M  COCTOHT  H3  CTaHH,HOHHOH  HaCTH  flJIHHOH  440  M,  BOflOCJIHBHOH  HBCTH 
flJIHHOH  242  M  H  TJiyXHX  CCKH,HH  npOTH>KeHHOCTBIO  738  M.  IIjIOTHHa  HMeeT 
nonHbie,  ^OBefleHHBie  %o  ocHOBaHHn  fle<j)opMaii,HOHHBie  ihbbi  hihphhoh  7mb 
CTaHU,HOHHOH,  BOAOCJIHBHOH  H  TJiyXHX  HaCTUX  IUIOTHHBI  H  47  M  B  SepeTOBBIX 
ynacTKax  hjiothhbi  (pnc.  1.13). 


Phc.  1.13.  IljiOTHHa  BpaTCKoii  T3C:  1  -  nonocTb  fle(J)opMaii,HOHHoro  niBa; 
2  -  CMOTpoBas  rajiepea;  3  -  ucMcm  aiiHomiaH  3aBeca 
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B  paiiOHax  bchhoh  Mep3JiOTBi  co  cpe/iHeii  to^oboh  TeMnepaTypoii  B03,ziy- 
xa  -5,8  °C  B03BefleHa  MaMaxaHCKaa  T3C.  B  cocTaB  ee  coopy>KeHHH  bxo,zbit: 
SeTOHHaa  rpaBHTau,HOHHaa  ruiOTHHa  TpeyronBHoro  npocJiHjni  bbicotoh  58  m  co 
mBaMH  niHpHHoii  6  m,  pa3/ieJieHHaa  Ha  myxyio,  BOflOCJiHBHyio  (pnc.  1.14)  h 
CTaHu,HOHHt.ie  nacTH,  h  npHnjiOTHHHoe  3^aHHe  T3C. 


Phc.  1.14.  BoaocjiHBiiax  miOTHHa  MaMaKancKoro  i  H^poy3Jia: 

1  -  u,eMeHTaii,HOHHaa  3aBeca;  2  -  ^pcnavKiibic  CKBa>KHHbi;  3  -  apciibi  Tejia  iuiothhbi 


Beet  HanopHBiii  cjipOHT  KpacHOupcicoro  rHflpoy3Jia  cocTaBJineT  6eTOHHan 
nJlOTHHa  flJIHHOH  1  065  M  H  MaKCHMaJIBHOH  BBICOTOH  124  M.  IIjIOTHHa  rpaBHTa- 
u,HOHHoro  THna  HMeeT  b  ocHOBaHHH  no  ochm  ^e(J)opMau,HOHHBix  hibob  pa3rpy- 
30HHBie  nOJIOCTH  HIHpHHOH  4,6  M,  HTO  n03B0JIHJI0  yMCHBHIHTB  npOTHBOflaBJie- 
HHe  B  OCHOBaHHH  nJIOTHHBI  nO  CpaBHeHHK)  C  TaKOBBIM  B  06BIHHOH  rpaBHTapH- 
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OHHOH  IIJlOTHHe.  B  HH>KHeH  HaCTH  njiOTHHBi  npeflyCMOTpeHBI  flOHHbie  OTBep- 
cth a  fljia  nponycKa  pacxo^OB  boabi  bo  BpeMn  CTpoHTejiBCTBa  (cm.  pnc.  1.12,  a). 
CKB03HBie  fle(j)opMau,HOHHBie  mBbi  pacnono>KeHBi  nepe3  15  m,  KpOMe  Toro,  ycT- 
poeHBi  flononHHTejiBHBie  mBBi  nepe3  7,5  m  b  BepxHeii  nacTH  rnyxoii  iijiothhbi  b 
30He  cpaSoTKH  BO^oxpaHHJiHma. 

Ha  HecKanBHBix  ocnoBamiHx  ycTpaiiBaiOTca  npoTH/Keinibie  rpyHTOBBie 
iijiothhbi,  a  Taioxe  BOflOCJiHBHBie  h  cpe^Hero  Hanopa  rpaBHTau,noHHBie  6eTOH- 
HBie  iijiothhbi.  3HaHHTejiBHoe  pacnpocTpaHeHHe  nojiynHJiH  boaocjihbhbic  njio- 
THHBI  C  nOBepXHOCTHBIMH,  a  TaK5Ke  flOHHBIMH  OTBepCTHUMH,  n03B0JIMI0mHMH 
aKKyMyjiHpoBaTB  htctb  bohbi  naBO^KOBoro  CTOKa  b  BonoxpanHjnime  h  yBejiH- 
HHBaTB  rjiySHHy  cpaSoTKH,  h  HanopHBie  3^aHHa  T3C,  coBMemeHHBie  c  bo^o- 
cSpocaMH. 

HanopBi,  BOcnpHHHMaeMBie  demonubiMU  ruiomuHcmu  na  necKajibHbix  oc- 
Hoeaminx ,  ^ocTHraiOT  40  m  h  6ojiee.  npH  co3flaHHH  nepBBix  rpaBHTau,HOHHBix 
SeTOHHBix  njiOTHH  hx  ycTOHHHBOCTB  h  npOHHOCTB  oSecnemiBajiHCB  3a  CHeT 
yBejiHHeHHn  oOneMa,  a  Taioice  3a  cneT  ycTpoiiCTBa  amcepHBix  noHypoB  (BnepBBie 
BHeflpeHHBIX  Ha  HH5KHeCBHpCKOH  T3C),  BBIflBHHyTBIX  B  CTOpOHy  BepxHero 
OBec|)a  moihhbix  oeToniiBix  cjiyiiHaMeiiTiiBix  njiHT,  npiiMeneinni  pa3BHTBix  npe- 
na>KeH  h  npymx  HHUceHepHBix  pemeHHH. 

B  SeTOHHBIX  nJIOTHHaX  Ha  HeCKaJIBHBIX  OCHOBafflMX  B03HHKai0T  He3HaHH- 

TejiBHBie  Hanpa>KeHHii  OKaTHu  (^o  0,7-1, 2  Mna),  h  noTTOMy  b  pa^e  coopy>Ke- 
HHH  y CTaHaBJIHBaiOT  nyCTOTeJIBie  KOHCTpyKH,HH  H  3aMeHIHOT  6eTOH  BO  BHyT- 
peHHHX  nOJIOCTMX  KaMeHHBIM  rpyHTOM  HJIH  OCTaBJHHOT  nOJIOCTH  He3anOJIHeH- 
hbimh  npH  oOecnenemiH  ^onycKaeMBix  rpa^HeHTOB  Hanopa  b  HanopHBix  ojie- 
MeHTax  njiOTHHBi.  TaKoe  pemeinie  He  npemiTCTByeT  HOpMajiBHBiM  ycjiOBHUM 
paOoTBi  coopyjKeHHn  h  croracaeT  xySaTypy  SeTOHa.  Ha  njiOTHHe  Bojdxcxoh 
T3C,  B03BefleHHoii  Ha  necnaHOM  ocHOBamni,  bo^ocjihb  nycTOTejioii  xohct- 
pyKu,HH,  HMeeT  BBinBiinyTyio  b  BepxHHH  h  hhjxhhh  ObecjjBi  cjiynnaMeiiTnyio 
njiHTy;  nojiocTH  b  BOflOCJiHBe  nepexpBiTBi  cSophbimh  5xejie3o6eTOHHBiMH  6aji- 
KOHaMH.  B  BOflOCJIHBHOH  nJIOTHHe  BOTKHHCKOTO  THflpOy3Jia,  COOpyiKeHHOil  Ha 
rjiHHax  h  ajieBpojiHTax,  ycTpoeHBi  nojiocTH  h  ncKjnoHena  cpeflHJui  htctb  c})yn- 
^aMeHTHOH  nJIHTBI  (pnc.  1.15). 

no/i3eMHBiH  KOHTyp  njiOTHHBi  Ha  HecKajiBHOM  ocHOBaHHH  oSbihho  bkjho- 
naeT  noHyp,  b epTHKajiBHyio  nperpany  b  Biine  mnyma,  3y6a  hjih  npOTHBO- 
(J)HJiBTpaH,HOHHoii  3aBec&i,  a  Taioxe  BepTHxajiBHBiii  hjih  ropH30HTajiBHBiii  Hpe- 
Ha>K.  CxeMa  h  pa3Mepbi  ojicmchtob  noA3eMHoro  KOHTypa  BBiSnpaiOTCii  no 
<J)HJiBTpau,HOHHOMy  pacHeTy  njiOTHH  c  yneTOM  HroxeHepHO-reojiorHnecxHx  yc- 
JIOBHH  OCHOBaHHU.  Ha  TJIHHHCTBIX  H  CyTJIHHHCTBIX  TpyHTaX  HTCTO  npOMCIHUOTCH 
amcepHBie  noHypBi,  ynacTByiomHe  b  conpOTHBJieHHH  coopyjxeHHn  cflBHry  h 
npoeKTnpyeMBie  H3  ixecTxnx  ynacTxoB  b  BHjie  5xejie3o6eTOHHOH  njiHTBi  c  apMa- 
Typoii,  3a/iejiBiBaeMoii  b  coopy>xeHHe,  h  thOkhx  BOflOHenpoHHpaeMBix  ynacT- 


37 


KOB,  KOTOpBie  BOCnpHHHMaiOT  CflBHrH  H  ocaaxn,  B03HnxaK>inne  B  MecTe  XOH- 
TaKTa  c  aHKepHBiM  coopyaceHneM. 


njiOTHHbi;  3  -  boaoSoh;  4  -  pacSepivia;  5  -  kobiii;  6  -  3acbinica  m  rpaBHHHO- 
uccHanoi  o  rpyHTa;  7  -  aiiKcpnaa  iuiHTa 

Aponubie  ruiomuHbi  coopyacaiOTca  Ha  HapymeHHBix,  cnabHOTpeinnHOBa- 
TBIX,  HeOflHOpOflHBIX  CKaJIBHBIX  OCHOBaHHaX,  nOflBep)KeHHBIX  B03^eHCTBHK) 
TeKTOHHHeCKHX  H  cj)H3HXO-reOaOrHHeCXHX  npOpeCCOB.  Il03T0My  npH  Bbl6ope 
CTBOpOB  nJIOTHH  60JIBHI0e  BHHMaHHe  yaeaaeTCa  OU,eHKe  yCTOHHHBOCTH  npHMBI- 
KaHHH,  roynemno  3aaeraHna  ropHBix  nopoa,  BbiaBaemno  hx  TpeinnHOBaTOCTH 
h  apyrnx  HapymeHHH.  Pa3MepBi  h  oobcm  aponiibix  njiOTHH  onpeaeaaiOTca  Ta- 
KHM  o6pa30M,  HTOSbl  aoSHTbCfl  COHeTafflM  KOHCTpyKTHBHbIX  (J)OpM  H  pa3MepOB 
coopyaceHnn,  npH  kotopom  pacnpeaeaeHne  Macc  SeTOHa  no  BbicoTe  OTBenaao 
6bi  onTHMajibHOMy  HanpaaceHHOMy  cocToamno  h  TpeSyeMbiM  ycaoBnaM  ycTon- 
hhbocth.  3to  aocTnraeTca  no^SopoM  (J)opMbi  coopyacemia,  noaoaceHna  u,eH- 
TpoB,  pa3MepoB  paanycoB  h  peHTpaabHbix  yraoB,  H3MeHeHneM  tojihihh  no  bbi- 
coTe  n  fljiHHe  coopyaceHna,  npn  KOTopbix  HanSoaee  nojiHO  ncnoab3yiOTca 
nponHOCTHbie  CBoncTBa  SeTOHa  n  ocHOBamia. 

B  y3Knx  CTBOpax  b  CTaTHHCCKOH  pa6oTe  apoHiiOH  njiOTHHbi  npeiiMyuiecT- 
BeHHO  ynacTByiOT  ropn30HTajibHbie  BJieMenrbi  (apKn),  n  no3TOMy  npnivienaiOTca  3a- 
nacTyio  apoHiibie  naoTinibi  c  KpyroBbiM  onepTaHneM  apox  b  naane  n  caaSoncxpnB- 
aennon  (J)opMon  naoTinibi  b  BepTnxaabHon  naocxocTH.  Tax,  Hepxencxaa  naoTHHa 
(PecnySanxa  ^.arecTan)  c  KpyroBbiMn  apxaMH  HMeeT  aBoaxyio  KpnBH3Hy  n  chm- 
MeTpnnHoe  naaHOBoe  owepTanne  c  yTonmeniieivi  apox  x  mrraM;  neiiTpaabiibie  yrabi 
H3MemiK)Tca  ot  96  ao  115°,  napy>xnbie  paanycbi  -  ot  1 14,5  ao  181,5  m  (pnc.  1.16). 

HanSoaee  nacTO  BCTpenaiOTca  ymeaba  TpeyroabHon  n  npnSanacaioineH- 
ca  x  Hen  cj)opMbi  n  Tpaneu,neBnaHbie.  B  Taxnx  CTBOpax  jpm  yBeanneHna  Hen- 
TpaabHbix  yraoB  aponHbie  naoTHHbi  npnHHMaiOTca  c  HaBncaHneM  BepxHen  nac- 
th  b  CTopoHy  mnxHero  6becj)a  n  HaxaoHOM  naoTHHbi  b  HnacHen  TpeTn  b  CTopoHy 
BepxHero  6becj)a  c  HexoTopbiM  noarnSoM  y  ocHOBamia  BepxoBon  rpaHH  x  hh>x- 
HeMy  6becj)y  (pnc.  1.16). 
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B  mnpOKHx  Tpaneu,eHAajiBHBix  hjih  n  p  ii  6  ji  m  >k  a  i  o  him  x  c  h  k  npuMoyrojiB- 
HOMy  CTBOpax  HepenKO  npHMemnoTCn  iijiothhbi  c  othochtcjibho  Mano  H3Me- 
HMKDmeHCM  TOJHHHHOH  apOK,  C  MaCCHBHOH  BepXHCH  HaCTBK)  IIJIOTHHBI  H  C  KpH- 
BH3HOH  B  BepTHKaJIBHOH  nJIOCKOCTH  nO  BCCM  BBICOTe,  OnpeneJIfleMOH  yCJIOBHUMH 
ycTOHHHBOCTH  SeperoBBix  npHMBiKaHHH.  HanpnMep,  hjih  CanHO-IIlymeHCKoii 
nJIOTHHBI  no  pajiy  yCJIOBHH  OnTHMaJIBHBIM  HBHJICH  BapHaHT,  B  KOTOpOM  paniiyc 
KPHBH3HBI  He3HaHHTCJIBHO  H3MeHHeTCH  OT  KJIIOHa  K  miTaM  (pHC.  1.17).  BepxHun 
nacTB  njiOTHHBi  (80  m)  npencTaBJineT  OHHopeHTpOBBie  KpyroBBie  apKH  c  nocTO- 
hhhbim  pajiHycoM  no  BepxHeii  rpaHH,  paBHBiM  600  m.  Hh/Kiihh  hbctb  hjiothhbi 
B&mojiHeHa  KOHpeHTpHnecKHMH  apxaMH  c  yKJiOHOM  oxBaTa  37°  n  hcxohhbim 
pa^nycoM  600  m,  a  SeperoBBie  ynacTKH  -  c  MeHBHiHMH  pa^nycaMH  h  c  apxaMH 
nOCTOUHHOH  TOJimHHBI. 


Phc.  1.16.  HcpK'CHCKax  apomiaa  iuioTHHa:  1  -  (|)yimaivicm  iibifi  MaccHB; 
2  -  jipeHa*:  ocHOBaHHa;  3  -  aeMeHTHaa  3aBeca 


^jia  B&icoKOHanopHBix  THHpoy3JiOB  c  apOHHBiMH  njiOTHHaMH  xapaic- 
TepHO  onTHMajiBHoe  HcnojiB30BaHne  Sctohhoh  hjiothhbi  hjih  pa3MemeHHn 
pa3JIHHHBIX  BOHOCSpOCHBIX  H  BOHOnpHeMHBIX  OTBepCTHH  H  HpyTHX  yCTpOHCTB 

(cm.  pnc.  1.16,  1.17). 
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ApOHHbie  IIJIOTHHbl  HBJiaiOTCa  CeHCMOCTOHKHMH  KOHCTpyKU,H5IMH  -  Bbl- 
AepacHBaiOT  ceiiCMHHHOCTb  ao  8  SanjiOB,  TaK,  HanpHMep,  HepKeiiCKaa  aponHaa 
miOTHHa  BbiflepjKana  p ha  3eMJieTpaceHHH,  nporoomeAnnix  b  1970-1975  rr.,  ot 
6  ao  8  SanjiOB  c  3nnu,eHTpOM  5-17  km  ot  hjiothhbi.  B  1974  r.  annijeHTp  3eMJie- 
TpaceHHa  HaxoAHJiCfl  ot  hjiothhbi  b  5-7  km  c  rny6HHOH  onara  5  km. 


Phc.  1.17.  CaaHO-IIIymeHCKaa  miOTHHa:  1  -  ucMcm  auHomiaM  3aBeca;  2  -  ApeHaac; 
3  -  BOAoSoiiHaa  murra;  4  -  CTpoHTejibHbiH  BOAoeSpoc;  5  -  BOfloeSpoc 


ApOHHbie  IIJIOTHHbl  B  OCHOBHOM  paSOTaiOT  Ha  C>KaTHe,  H  B03HHKaK)IHHe  B 
HeKOTOpbix  30Hax  pacTHTHBaiomHe  HanpiDKeHHa,  KaK  npaBHJio,  oxBaTbiBaiOT 
OTHOCHTejibHO  HeSojibinyio  nacTb  cenemni  h  SjiaroAapa  MHoroKpaTHoii  CTaTH- 
necKoii  HeonpeAeJiHMOCTH  njiOTHH  He  HrpaiOT  pemaiomeH  pojih  b  hx  paSoTe. 

C  yneTOM  nanpH/Kennoro  coctoahha  aponiibix  njiOTHH  BLinoanaeTca  hx 
apMHpOBaHHe.  Tax,  pacneTHoe  apMHpOBaHHe  apoHHoii  hjiothhbi  CaaHO- 
niymeHCKoii  T3C  npmniTO  b  30Hax,  r^e  rjiaBHbie  pacTarHBaiomHe  Hanpaacemifl 
(c  yneTOM  oSbcmhoto  Hanpa>KeHHoro  coctoahha)  npeBbimaiOT  1  Mila.  Kohct- 
pyKTHBHan  apMaTypa  ycTaHOBJieHa  no  BepxoBoii  rpaHH  b  30He  nepeMeHHoro 
ropH30HTa  boaki,  no  o6eHM  rparoiM  b  30Hax  3HanHTejibHbix  pacTaiKeHHH,  bo- 
Kpyr  rnaxT,  BOAonponycKHbix  OTBepCTHH  h  ranepeii. 

B  SojibiHHHCTBe  cjiynaeB  aponHbie  hjiothhbi  BbinojnnHOTca  c  HenocpeA- 
CTBeHHoii  3aAejiKoii  roiT  b  CKajibHoe  ocnoBanne  (ynpyraa  3aAejiKa)  hjih  c  3aAeji- 
koh  «npo6Koii-H,OKOJieM»,  3anojiHnioiHHM  cyaceHHe  ymejiba  b  pycjiOBoii  nacTH, 
h  c  ynpyroii  3aAejncoH  b  ocTajibHoii  hbcth  oc  no  Banna. 
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1.4.3.  /JepeBHHHbie  iuiothhm 

CTpoHTejiBCTBO  flepeBUHHBix  nnoTHH  HMeeT  b  Hamefi  CTpaHe  ^aBHHe  Tpa- 
A hh,hh.  HanSonee  apcbhhmh  hbjhhotcii  cnaHeBbie  hjiothhbi,  npHMeHUBHiHeoi 
eme  b  XIII  b.  Mhotohhcjichhbic  flepeBUHHBie  iijiothhbi  pa3JiHHHBix  xoHCTpyx- 
u,hh  6bijih  nocTpoeHBi  Ha  Ypajie,  Ha  BBiiHHe-BojioiixoH,  MapHHHCxoii  h  Thx- 
bhhcxoh  cy^oxoflHBix  CHCTeMax.  riocTeneHHO  BBipaSoTajica  oco6bih,  Tax  Ha3Bi- 
BaeMBIH  pyCCKHH  THn  flepCBUHHOH  nJIOTHHBI  -  piDXCBBIH,  XOTOpBIH  HaXOflHT 
npHMeHeHHe  b  Harnn  /pin.  CeiPiac  pepeBUHHBie  hjiothhbi  npHMemiiOT  pepxo,  b 
ochobhom  b  pailoHax,  6oraTBix  jiecoM,  b  Tex  MecTax,  xypa  3aTpypHeH  3aB03 
ppyrax  cTpoHTejiBHBix  MaTepnajioB. 

Kax  npaBHJio,  pepeBUHHBie  hjiothhbi  ycTpaHBaiOT  bopocjihbhbimh.  npo- 
nycx  BOflBi  ocymecTBJiaeTca  nepe3  OTBepcTHu,  xoTopBie  MoryT  nepexpBiBaTBCn 
3aTBopaMH,  onnpaiomHMHCM  Ha  ctohxh.  Ctohxh  ycTaHaBJiHBaiOT  pun  pa3pejie- 
hhh  BOflonponycxHoro  OTBepCTHu  Ha  pup  6ojiee  mcjixhx  npojieTOB  1,0-1, 5  m. 

Conpa>xeHHe  hjiothhbi  c  SeperaMH  hjih  c  npHJieraiomHMH  3Cmjishbimh 
paM6aMH  ocymecTBJiaiOT  npn  noMomn  ycToeB. 

Cpox  HapemiOH  paSoTBi  pepeBUHHBix  hjiothh  cocTaBJineT  oxojio  15  JieT, 
npn  xopomeii  3xcnjiyaTau,HH  h  CBoeBpeMeHHOM  peMOHTe  oh  yBejiHHHBaeTCn  p o 
25  JieT  h  6ojiee. 

JlyHHiHH  MaTepnaji  pjni  CTpOHTejiBCTBa  pepeBUHHBix  hjiothh  -  jihctbch- 
HHu,a,  a  Tax>xe  cocHa. 

CymecTByeT  TpH  ochobhbix  Tuna  pepeBamibix  hjiothh:  CBaHno-oouiiiBiiBie, 
pa>xeBBie  h  xoHTpcjiopcHBie  [22], 

Y  ceauHO-odwueHbix  wiomim  ctchbi  OeperoBbix  ycToeB  h  6bixob,  nop- 
pepmiBaiomHe  rpyHTOByio  3acBinxy,  ycTpaHBaiOT  H3  CBaii,  oSniHBaeMBix  poc- 
xaMH  (pHC.  1.18).  CBaHHO-oSniHBHBie  njiOTHHBi  ciponT  npn  Hanopax  po  2, 5-3,0  m. 

Ptotceebie  nnomuHbi  Han6ojiee  npocTBi,  HapoxHBi  h  pojitobchhbi.  06bih- 
ho  hx  CTponT  npn  Hanopax  po  4-6  m,  a  Tax>xe  pjin  HanopoB  10-12  m  h  6ojiee. 
Yctoh  h  6bixh  TaxHx  hjiothh  BBinojiHuiOT  H3  piDxeii,  npepcTaBJHHomHx  co6oh 
cpy6bi  H3  6peBeH.  ^hchxh  cpySoB  o6bihho  hmciot  b  njiaHe  cjiopMy  xBappaTOB 
co  CTOpOHOH  2-3  m.  PmxeBBie  xoHCTpyxu,HH  3arpy>xaiOT  xbmhcm  hjih  rpyHTOM, 
hx  pa3MepBi  BBiOnpaiOT  tbxhm  o6pa30M,  hto6bi  ycTOHHHBOCTB  coopyjxeHHn 
npOTHB  cflBHra  oSecnenHBajiacB  ero  coSctbchhbim  bccom. 

IIonepeHHBiH  pa3Mep  hjiothhbi  pyccxoro  THna  H3  BepTHxajiBHBix  pmxeii 
co  CBaiiHO-piDxeBBiM  (juiiOTSeTOM  noxa3aH  Ha  pnc.  1.19. 

yjiyHHieHHn  ycjiOBHH  paSoTBi  hjiothhbi  Ha  cpbiit  nyTeM  ncnojiB30- 
BaHHn  BepTHxajiBHoii  cocTaBJiaiomeH  paBJieHHn  bopbi  Ha  HanopHyio  rpaHB  npn 
nOBBIHieHHBIX  Hanopax  npHMCHHIOT  XOHCTpyXH,HH  nJIOTHH  H3  HaXJIOHHBIX  p X- 
>xeii.  IIpoflOJiBHBie  ctchbi  Taxnx  pioxeii  HaxjiomnoT  nop  yrjiOM  45°  b  CTopoHy 
BepxHero  Sbecjia,  a  b epTHxajiBHBie  nonepeHHBie  ctchbi  py6nT  H3  6peBeH,  pacno- 
jiojxeHHBix  no  a  yrjiOM  45°  x  ropH30HTy.  Pn>xeBbie  xoHCTpyxpHH  paccnHTBiBaiOT 
Ha  yCTOHHHBOCTB  H  npOHHOCTB. 


41 


Phc.  1.19.  PsaceBas  nnoTHHa  co  CBaHHO-paaceBtiM  (|)jiiot6ctom:  1  -  bopot;  2  - 
moct;  3  -  6bik;  4  -  cjihbhoh  rnnyHT;  5  -  oopauibili  4)HJibTp;  6  -  BonoSomibin 
rnnyHT;  7  -  KoponeBbiH  rnnyHT;  8  -  noHypHbin  rnnyHT;  9  -  nimmiaH  noflyimca; 
10  -  MOCTOBaa  noflynnca  Ha  cnoe  rpaBira  h  necKa 
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B  KownpfiopcHbix  njiomimax  onopaMH  3aTBopoB  h  MOCTa  cjiy^KaT 
KOHTp(J)OpCBI,  KOTOpBie  npeflCTaBJMIOT  COSOH  BepTHKaJIBHBie  (J)epMBI,  COCTOfl- 
mne  H3  CBaii  hjih  CToeK  c  no^KOcaMH;  MOK^y  Kompc|)opcaMH,  Kaic  h  b  nnoTHHax 
flpyrnx  THnoB,  pacnoaaraiOTCH  npOMOicyTOHHBie  ctohkh  (pnc.  1.20). 


Phc.  1.20.  /IcpcBHmiax  Komp(|)opciiaH  miOTHHa:  a  -  nnaH; 

6  -  nponeTHbiH  c  i  ocMiibiH  Kom  p(|K)pc;  1  -  Komp(|)opc  yc- 
Toa;  2  -  ocpci  OBoil  Kompc|)opc;  3  -  KopojiCBbiil  rnnyHT; 

4  -  npoflOJibHbie  6pycb»;  5  -  CTornca;  6  -  noflKocw 

BeperoBLie  KOHTpcf)opCbi  c  BHeniHefi  CTopoHbi,  a  npcmeTHtie  -  c  o6enx 
CTopoH  o6niHBaK)T  naacTHHaMH,  hto  y b enHHHB aeT  hx  }KecTKOCTb  h  npe^oxpa- 
HaeT  ot  noBpejKfleHHH  iuiaBaiomHMH  TeaaMH  h  jib^om. 

Komp(f)opcHBie  nnoTHHBi  npHMemiiOT  npn  Hanopax  2-3  m. 
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r  ji  a  b  a  2 


COCTAB 

H  OH3HKO-MEXAHHHECKHE  CBOHCTBA  rPYHTOB 
OCHOBAHHH  TH^POTEXHHHECKHX  COOPY2KEHHH 


riofl  ocHoeanueM  eudpomexmmecKoao  coopy.vceiuiH  npwurro  noHHMaTb 
oSnacTt  ecTecTBeHHoro  MaccHBa  ropHbix  nopoa  hjih  rpyHTOB,  xoTopaa  c  hhm 
KOHTaicmpyeT,  B3aHMOfleiiCTByeT  h  BOBJiexaeTca  b  coBMecTHyio  paOoTy. 

npHeMJieMBIMH  eCTeCTBeHHBIMH  OCHOBafflMMH  THapOTeXHHHeCXHX  co- 
opy)KeHHH  CHHTaKDT  TaKHe,  KOToptie  o6ecneHHBaK)T  aonycTHMbie  j\jik  npHHa- 
TBIX  KOHCTpyKU,HH  COOpy>XeHHH  HepaBHOMepHOCTH  OCa^OK  H  r0pH30HTaJIBHBIX 
CMemeHHH,  a  TaX5Xe  HX  npOHHOCTb  H  yCTOHHHBOCTb.  EcJIH  HeOflHOpOflHOCTB  ec- 
TeCTBeHHOrO  OCHOBafflM  HaCTOJIBKO  Mana,  HTO  OHO  He  M05KeT  6e.ITB  npHHUTO  flJia 
B03BefleHH>i  Ha  HeM  rHflpoTexHHnecKoro  coopyaceHHii,  to  aoiDXHbi  6bitb  npeay- 
CMOTpeHBi  cooTBeTCTByKDHiHe  HH>xeHepHbie  MeponpnaTHs,  o6ecneHHBaK)HiHe 
HeoSxoflHMoe  BBipaBHHBaHHe  ocaaox  h  ropH30HTajiBHBix  CMemeHHH  coopyace- 
hhh,  a  TaK>Ke  ero  3  k  c  n  a  y  a  t  a  u  m  o  n  n  y  i  o  naae>xnocTb  h  sxohomhhhoctb. 

no  Biiay  caaraiomux  nopoa  paanimaiOT  cKcuibHbie,  nojiycKcuibHbie  h 
HeCKdJlbHbie  OCHOBafflM  THapOTeXHHHeCKHX  COOpyaceHHH  [7,  24], 


2.1.  CicajibHbie  rpyHTbi 

K  cKUJibHbiM  apymnaM  othochtch  nopoati  c  npeaenoM  npOHHOCTH  Ha 
cacaTHe  b  BoaoHacbimeHHOM  coctouhhh  6ojiee  5  Mna,  HMeiomne  BoaocTOHxne 
acecTxne  cbm3h  Meacay  3epHaMH.  no  BpeMeHHOMy  conpoTHBJieHHio  oaHOOCHOMy 
oxaTHK)  RCM,  Mna,  b  BoaoHactiHieHHOM  coctojihhh  cxajibHbie  rpyHTbi  pa3ae- 
jmiot  Ha  caeayiOLinie  pa3HOBHaHOCTH :  oneiib  npOHHbie  (>  120),  npOHHbie  (120-50), 
cpeaHen  npOHHOCTH  (50-15),  MaaonpoHHbie  (15-5). 

CxanbHbie  nopoati  ManonopHCTbi  (oStiHHO  1-3  %),  npaxTHnecxH  He- 
c>xHMaeMbi  h  HepacTBopHMbi  b  Boae,  HeBaaroeMxne,  BoaonpOHHH,aeMbi  tojibxo 
no  TpemHHaM.  OaHaxo  cxajibHbie  nopoati,  ocoSeHHO  b  BepxHeii  Haem  Maccn- 
BOB,  TpeiHHHOBaTbl. 

J\jik  coopy'/xemiH  cxanbHbie  nopoati  hbjmiotcji  naae>xnbiMH  ocnoBaniM- 
mh,  nocxonbxy  hmciot  Bbicoxyio  Hecymyio  cnoeoSHOCTb,  He  aaiOT  ocaaxn  noa 
CTpOHTejibHbiMH  Harpy3xaMH. 

BepTHxaabHbie  Harpy3xn  ot  xpynHbix  niapoTexiniHecKiix  coopy/xemiH 
aocmraiOT  10  Mna  h  6ojiee.  npOHHOCTb  cxajibHbix  nopoa  tax  ocHOBaHHH  Ta- 
xhx  coopyaceHHH  aBaaeTca  BnojiHe  aocTaTOHHoii.  OaHaxo  HeoOxoaHMO  ynHTbi- 
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BaTB  B03M05KH0CTL  pe<})OpMail,HH  3a  CHCT  OKaTHU  r0pH30HTaJIBH0  OpHCHTHpO- 
BaHHtix  TpemHH  pa3rpy3KH.  Oco6oe  BHHMaHHe  cjiepyeT  oSpamara  Ha  bo3mo>k- 
hoctb  (J)HJiBTpau,HH  bopm  nop  njiOTHHaMH  h  b  o6xop  njiOTHHBi  b  Oeperax.  Bbi- 
BeTpejiBie  nopopbi  chjibho  BoponpOHHpaeMbi,  hto  Bbi3biBaeT  HeoSxopHMOCTb 
npHHuran  Mep,  cymecTBeHHO  yMeHbinaiomHx  cjmjibTpapHOHHbie  noTepn.  K  hhm 
othochtch: 

•  cbeM  HanSoiiee  TpeipHHOBaToro  cjioh; 

•  ycTpoficTBO  3y6a,  yrjiySjineMoro  b  cjioh  HeTpeiHHHOBaTOH  hjih  Majio- 
TpemHHOBaTOH  nopopbi; 

•  ycTpoficTBO  HiHypOB  -  BopoHenpOHnpaeMbix  3KpaHOB,  pacnono>KeHHbix 
Ha  noBepxHOCTH  pycjia  b  BepxHen  nacra  hjiothhbi  h  npepHa3HaneHHbix  pjia  yp- 
JIHHeHHH  nyTH  (|)HJIbTpail,HH  BOflbl. 

MexaHHnecKHe  CBOHCTBa  HeBbreeTpejibix  CKajibHbix  nopop  HaMHoro  npe- 
BblHiaiOT  TpeSOBaHHM,  KOTOpbie  npepbUBJMIOT  K  eCTeCTBeHHbIM  OCHOBaHHUM 
coopyjKeHHH.  npH  rnflpoTexHHHecKOM  CTpoHTejibCTBe  CKajibHbie  nopopbi  pe- 
TaJIbHO  HCCJiepyiOT  C  TOHKH  3peHHH  BOpOnpOHHIl,aeMOCTH  H  MexaHHHeCKHX 
cbohctb  pjw  onpepejieHnu  rana  h  pa3MepOB  npOTHBO(j)HJibTpau,HOHHbix  chctcm, 
coopyjKeHHM  TyHHejieii  h  bbicmok,  a  Taioice  pjia  pemeHHn  pupa  BonpocoB  ycran- 
HHBOCTH  OCHOBaHHH  COOpyJKCHHH. 

0u3UKo-MexaHuuecKue  ceoiicmea  CKajibHbix  nopop  3aBncnT  ot  hx  mh- 
HepajibHoro  h  neTporpacjiHHecKoro  cocTaBa,  TeKCTypbi  h  CTpyKTypbi.  IlosTOMy 
nepep  H3yneHHeM  <J)H3HKO-MexaHHHecKHx  cbohctb  HeoSxopnMO  BbmcHHTb  co- 
CTaB  nopop,  pa3Mep  h  (J)opMy  3epeH,  CTeneHb  paBHOMepHO-3epHHCTOCTH.  J\rk 
cpeMeHTHpoBaHHbix  nopop  roynaiOT  cocTaB  peMeHTa  h  ran  u,eMeHTau,HH,  o6ec- 
nenHBaiomHx  hx  nponHOcra. 

CBOHCTBa  CKajibHbix  nopop  onpepejnnoT  b  cnepnajibHbix  jiaSoparapniix, 
rpe  pojHKHbi  6bitb  npn6opbi  pjia  hstotobjichhh  o6pa3H,OB  npaBHJibHon  reoMeT- 
pnnecKOH  (JiopMbi  (o6bihho  u,HJiHHppa  hjih  Ky6a).  Ot  TipaTejibHOcra  h3totob- 
jieHHn  o6pa3H,OB  cyipecTBeHHO  3aBncnT  pe3yjibTaTbi  ncnbiTamiH. 

K  (pmimecKUM  ceoucmeaM  othochtch  njioraocTb,  nopncTOCTb,  Bopono- 
TJiomeHne,  BopoHacbimeHne  h  mopo30Ctohkoctb. 

FIjiomHocmb  CKajibHbix  nopop  KOJieSjieTCn  ot  2  500  po  3  300  kt/m  . 

OSbeMHaa  Macca  CKajibHbix  nopop  -  sto  Macca  nopopbi  b  epHHHpe  o6be- 
Ma.  ^jih  nopop,  oSjiapaiomHx  oneHb  HeSojibinon  nopHCTOCTbio,  3HaneHHn 
njioraocra  oSbeMHoii  Maccbi  rpyHTa  h  oSbeMHon  Maccbi  CKejieTa  rpyHTa  npaK- 
ranecKH  coBnapaiOT. 

Ilopucmocmb  HHTpy 3hb hbix  mhothx  MeTaMopcjiHHecKHx  nopop  HeSojib- 
man  (ot  pojien  npopeHTa  po  1-3  %,  pepxo  6ojiee).  ByrncaHnnecKHe  nopopbi 
HMeiOT  6ojiee  Bbicoxyio  nopncTOCTb,  nanoojiee  anawnTejibnon  (po  35-45  %)  no- 
pHCTOCTbK)  oSjiapaiOT  HeKOTOpbie  pa3HOBHpHOCTH  H3BeCTHHKOB  H  POJIOMHTOB. 

J\jik  CKajibHbix  nopop  pa3JinnaiOT  nopncTOCTb  oouiyio,  orapbiTyio  h  3a- 
KpbiTyio.  B  o6myio  nopncTOCTb  bxopht  OTKpbrraii  h  3aKpbrran.  IIpH  orapbiran 
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nopHCTOCTH  nopBi  coo6maK)TCM  flpyr  c  flpyroM  h  c  noBepxHOCTBio  nopoflBi,  ee 
onpefleji^KDT  no  chocoOhocth  o6pa3n,a  nornomaTB  eo^y.  3aKpBiTyK)  nopnc- 
toctb  paccHHTBiBaiOT  no  pa3HOCTH  MOK^y  o6men  n  otkpbitoh  nopncTOCTBK), 
OHa  yKa3BiBaeT  Ha  tot  o6bcm  nopo^Bi,  kotopbih  npHxoflHTOi  Ha  nopni,  He  co- 
oSmaiomHecfl  c  aTMoecjiepoH. 

OnpeflejieHne  BOflonornomeHmi  h  BOflOHacBimeHHii  HeoSxoflHMO  fljia 
BBmBJieHH^i  cooTiiomeinHi  Me>KHy  paanHHiiBiMii  buj^omu  nopHCTOCTH  b  CKanB- 
hbix  rpyHTax,  hx  moposoctohkocth  h  CTeneHH  yTpaTBi  ripoHiiocTii  non  bjhmhh- 
eM  BOflBi.  CxasaHHoe  HMeeT  SojiBinoe  3HaneHHe  npn  BBiOope  CKajiBHoii  nopo^Bi 
npn  ycTpoficTBe  KaMeHHBix  h  KaMeHHO-3eMJMHBix  njiOTHH.  HeM  SojiBHie  nopo^a 
BnHT&iBaeT  BO^y,  TeM  CHJiBHee  npoiiBjnieTOi  pa3Mflrnaiomee  ee  fleiiCTBHe  Ha 
CBM3B  MOK^y  OT^eJIBHBIMH  3epHaMH  H  TeM  MeHBHie  M0p030CT0HK0CTB  nOpOflBI. 

Bodonoznoipemie  WB,  %  -  chocoShoctb  nopo^Bi  BnHT&maTB  BO^y  npn 
aTMOC(j)epHOM  ^aBJieHHH;  oho  onpefleiraeTai  khk  OTHomeHne  Macc&i  norno- 
meHHOH  BOflBi  k  Macce  aScojiKDTHO  cyxoii  nopoflBi.  OSBeMHoe  BOflonoTJiomeHHe 
eooTBeTCTByeT  oSneMy  otkpbitbix  nop. 

BodoHacbiufenue  W0,  %,  b  OTJiHnne  ot  BOAonornomeHmi  xapaKTeproyeT 
MaKCHMaJIBHyK)  CnOCOSHOCTB  nOpOflBI  BnHTBIBaTB  BO^y.  npH  BOAOHaCBIHieHHH 
BO/ia  BxoflHT  He  tojibko  b  KpynHBie,  ho  h  MejiKne  nopBi,  3anojiHaeT  npaKmne- 
CKH  BeCB  oSBeM  OTKpBITBIX  nop. 

IToa  K03(p(fiui(ueHmoM  eodonacbinjemiR  Ks  noHHMaiOT  OTHomeHne  mok- 
ffy  B e JIHHHHaMH  BOAOnOTJIOHieHHM  H  BOAOHaCBIHieHH^: 

Ks=Wb/W0. 

Ko3(J)(]3HH,HeHT  BononacBimeniui  noKa3BiBaeT,  Kaxyio  hbctb  oomero  oSneMa 
otkpbitbix  nop  nopOflBi  cocTaBJMiOT  KpynHBie  nopBi,  b  KOTOpBie  Bona  rionanaeT 
npn  oobihiibix  ycjiOBHux  yBna>KneniHi.  3tot  KOTijxjwHMenT  HcnojiB3yiOT  piw  koc- 
BeHHoii  oueiiKH  Mopo30cmoiiKocmu  CKajiBHBix  nopon.  npn  Ks  <  0,8  nopona  mo- 
p030CT0HKa;  npn  Ks>  0,8  -  MeHee  M0p030CT0HKa,  Tax  KaK  oobcm  y3KHx  nop  Man 
Ana  pacuiiipjiiouieHCH  npn  3aMep3aHHH  bohbi,  h  iicjibhoctb  nopOflBi  HapymaeTcn. 

K  MexammecKUM  ceoucmeaM  othocht  nponHOCTB,  pa3MnmaeMOCTB,  co- 
npoTHBJieHne  y^apy,  TBep^ocTB  h  ^p. 

Pa3JiHnaiOT  nponHOCTB  Ha  cncaTHe,  pacTnnceHne,  h3th6,  CKanBiBaHHe, 
y/iap,  HCTHpaHne,  h3hoc. 

Flpedeji  npo'iHOcmu  na  cotcamue  xapaKTepniyeTCfl  BpeMeHHBiM  conpo- 
THBJieHneM  cncaTHK),  t.  e.  HanpnnceHHeM,  KOTopoe  ^eiiCTByeT  b  momcht  pa3py- 
meHHn  nopOflBi. 

npe^eji  npoHHOCTH  Ha  cncaTne  RcyK  onpeflenniOT  Ha  u,HJiHHflpHnecKHx  06- 
pa3H,ax  (hjih  KyoiiKax),  BBicoTa  kotopbix  b  1,5-2  pa3a  npeBoexo^HT  nnaMeTp. 

HaHOojiBHieii  nponHOCTBio  oSna/iaiOT  mcjiko-  h  paBHOMepHO-3epHHCTBie 
KpHCTajiJiHnecKHe  nopoflBi  c  HeSojiBHioii  nopncTOCTBio.  MeHee  nponHBi  HepaB- 
HOMepHO-3epHHCTBie  nOpOflBI  C  nOp(j)HpOBHflHOH  CTpyKTypoil. 
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npe^eji  npoHHOCTH  Ha  OKarae  RcyK  mchkho  npHSjnraceHHO  onpeaeJiHTb  Ha 
o6pa3H,ax  HenpaBHJibHoi!  (J)opMbi.  HcnbiTamno  noaBepraiOTca  o6pa3u,bi  Maccoii 
ot  1  ao  100  r,  fljiHHa  KOTopBix  npeBBimaeT  BticoTy  He  6onee  neM  b  1,5-2  pa3a. 

Tlpedeji  nponnocmu  na  pacmxjtcemie  (pa3pbie )  i?pacT  onpeaeJiaiOT  Ha  06- 
pa3H,ax  c  Ha^pe3aMH  hjih  Ha  o6pa3H,ax  b  cj)opMe  BbiTaHyroil  BOCBMepKH.  Pa3pBiB 
npOHexoflHT  no  ceneHHio,  HMeiomeMy  MHHHMajiBHBie  pa3MepBi.  HeoaHOpoa- 
hoctb  o6pa3H,OB  h  HajiHHHe  MaKpo-  h  MHKpoTpemHH  cica3biBaiOTca  Ha  pe3yjibTa- 
Tax  HcnbiTaHHH  (K03(j)(J)Hu,HeHT  BapHapHH  cocTaBJiaeT  20-60  %). 

npeden  npoHHoemu  na  cdem  ( CKcuibieamie )  RCKail  HMeeT  Bamioe  3HaneHHe 
fljia  rHflpoTexHHnecKHx  coopynceHHH  h  rny6oKHx  blicmok.  Ero  onpeaenaiOT 
MeTO^OM  CflBHra  nJIHTOK  C  npHHIJlH(J)OBaHHOH  JIh6o  HiepOXOBaTOH  nOBepXHO- 
ctbk).  CflBHr  njiHTOK  c  HiepoxoBaTOH  noBepxHOCTBK)  Bbi3BiBaeT  3au,enjieHHe 
BbiCTynoB  h  hx  CKajiBiBaHHe.  IlpH  b epTHKajiBHBix  Harpy3Kax  no  0,5  Mila  co- 
npOTHBJieHne  c^BHry  H3MemieTca  Mano,  oho  cymecTBeHHO  B03pacTaeT  npn  6o- 
jiee  bbicokhx  Harpy3Kax.  ConpOTHBJieHHe  c^BHry  b  2-5  pa3  MeHbrne,  neM  cica- 
JlblBaHHK). 

IlpH  r  ii  a  p  o  t  e  x  1 1  ii  h  e  c  k  o  m  CTpOHTejibCTBe  6eTOH  yKaaabiBaiOT  Ha  BbipOB- 
HeHHyK)  noBepxHOCTb  (non  SeTOHHyio  BoaocaHBHyK)  njiOTHHy)  cicajibHbix  no- 
poa.  noaTOMy  noKa3aTejiH  caenra  onpeaeJiaiOT  no  pe3yjibTaTaM  onbiTOB  Ha 
caenr  6eTOHHbix  HiTaMnoB  no  cicane,  ho  b  KOTJiOBaHax.  IIoBepxHOCTb  caenra 
MonceT  6biTb  npHyponeHa  k  cicane,  SeTOHy  hjih  k  KOHTaKTy  Mencay  Sctohom  h 
CKaJIbHbIM  OCHOBaHHeM. 

Mencay  npeaenaMH  nponHOCTH  Ha  OKarae,  pacTnnceHHe,  CKajiBiBaHHe  h 
h3th6  cymecTByiOT  cooTHomemin:  7?pacT  =  3-5  %  ot  Rcx;  RCKajl  =  6-8  %  ot  RcyK ; 
Rmr  =  7-15  %  ot  RcyK.  3Ha a  npeaenbi  nponHOCTH  Ha  cncaTHe  h  pacTanceHne, 
mo>kho  nojiynHTb  conpOTHBJieHne  CKajibiBaHHio  no  cj)opMyne  Mopa: 


R 


CKan 


yj ^nas  '  ^dano  • 


Pa3MH2HaeMocmb  -  yMeHbineHHe  nponHOCTH  CKajibHbix  nopoa  noa  bjihu- 
HneM  Boabi.  Eloa  K03(jnjiHHHeHTOM  pa3MamaeMOCTH  Kpa3  noHHMaiOT  OTHomeHne 
npeaenoB  nponHOCTH  BoaoHacbimeHHoro  RcyK.B31  h  cyxoro  7?C5K.C  o6pa3H,OB: 

76pa3  Rc>k.bJRc>k.c- 

Ko3(Jxj)HH,HeHT  pa3MamaeMOCTH  aBnaeTca  KOCBeHHbiM  noKa3aTejieM  mo- 
P030CT0HK0CTH.  HopOatl  CHHTaiOT  Hepa3MamaeMbIMH  H  B  CTpOHTeJIbHOM  OT- 

HomeHHH  yaoBJieTBopHTejibHbiMH  npn  Kpa3>  0,75-0,80. 

Conpomuejiemie  ydapy  onpeaenaiOT  ana  nopoa,  KOTOpbie  noaBepraiOTca 
B  3JieMeHTaX  KOHCTpyKH,HH  anHaMHHeCKHM  B03aeilCTBHaM. 

Teepdocmb  cicajibHbix  nopoa  ycTaHaBJiHBaiOT  nyTeM  cpaBHeHHa  TBepao- 
cth  HcnbiTyeMoro  o6pa3H,a  h  MaTepnana  oaHopoaHoro  CTpoenna  h  H3BecTHoii 
TBepaOCTH. 
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TIpoHHOcmb  na  iicmupamie  nccjiepyiOT  b  tom  cjiynae,  ecjiH  CKajiBHBie  no¬ 
popBi  b  coopyaceHnn  6ypyr  nopBepraTBca  ycnjinuM,  HCTHpaioniHM  noBepx- 
HOCTB  KaMHM. 

CnocoSHOCTB  CKajiBHBix  nopop  k  pecjDopMaipMM  onpepejwiOT  no  Mopyjno 
ynpyrocTH  (MopyjiB  K)Hra)  E ,  Mopyjno  o6inen  pecj)opMaii,HH  E0,  K03(J)(j)Hu,HeHTy 
nonepenHon  pec])opMaii,HH  (K03(J)(J)Hu,HeHT  IlyaccoHa)  p. 

Modyjib  ynpyzocmu  npepcTaBJiaeT  co6on  K03(J)(J)Hn,HeHT  nponoppnoHajiB- 
HOCTH,  BXOITflTTTHH  B  3aKOH  TyKa: 

a  -  EMU, 

rpe  a  -  HanpaaceHne,  B&i3BiBaiomee  ynpyryK)  OTHOCHTenBHyK)  pe<J)opMan,HK) 
MU.  no  BenHHHHe  stoto  Mopyjia  opeHHBaiOT  enoeoSHOCTB  nopop  k  ynpyrnM 
pe<J)opMan,naM.  C  yBennneHneM  TpeinnHOBaTOCTH  n  nopncTOCTH  MopyjiB  ynpy- 
tocth  3aMeTHO  noHnacaeTca.  j\nn  CKajiBHBix  n  nonycKajiBHBix  nopop  BenuMHiia 

■j 

ero  KOJieSjieTca  b  npepenax  (6-125)- 10  Mna. 

Ynpyrne  CBOHCTBa  b  6ojiBinen  CTeneHn  3aBncaT  ot  MHHepajiBHoro  cocTa- 
Ba.  MopyjiB  ynpyrocTH  n  K03(j)(J)Hu,neHT  nyaccoHa  He  KOHCTaHTBi,  a  napaMeTp&i 
nopop,  3aBHcanine  ot  CKOpocra  n  BejinnnHBi  npnnaraeMBix  Harpy30K.  Koscp- 
(puuueHm  Elyaccona  pna  Kap6oHaTHBix  nopop  paBeH  b  cpepHeM  0,2-0, 3;  rpami- 
tob  -  0,21-0,22;  KBappnTOB  n  nponHBix  necnaHHKOB  -  0,12. 

Modynb  odujeu  de<popMai(uu  E0  aBJiaeTca  K03<j)(j3Hu,HeHT0M  nponoppno- 
HanBHOCTH  Meacpy  o6men  (ynpyron  n  ocTaTOHHon)  OTHoenTejiBHon  pecfiopMa- 
u,nen  n  HanpaaceHneM,  eooTBeTCTByioinHM  3toh  pecj)opMau,HH.  BejinnnHa  ero 
pjia  CKajiBHBix  n  nojiycKajiBHBix  nopop  npHMepHO  Ta  ace,  hto  h  Mopyna  ynpyro¬ 
cTH.  ^Jia  nojiycKajiBHBix  nopop  oh  oobihiio  MeHBine  (2,5-10  Mna),  pjia  CKajiB- 
hbix  nopop  cocTaBJiaeT  (25-30)- 10  Mna,  pepKO  SojiBine.  MopyjiB  pe(J)opMau,nn 
n3MeHHHB  paace  pjia  ophoto  n  toto  ace  rana  nopop,  nocKOJiBKy  oh  cymecTBeH- 
ho  3aBHCHT  ot  CTeneHn  TpeniHHOBaTOCTH,  ee  xapaKTepa  n  pacnpepeneHna  b 
MaccnBe  nopopBi. 


2.2.  KpyimooSjiOMOHHbie  rpyHTbi 

KpynHOoSjiOMOHHBie  rpyHTBi  (rpySooSjiOMOHHBie)  MoryT  coctohtb  H3 
pa3H006pa3HBIX  MexaHHHeCKHX  SJieMeHTOB  -  OT  TJIBlS  po  TJIHHHCTBIX  naCTHU,. 
CKejieraaa  nacTB  nx  cnaraeTca  oSnoMKaMH  nopop  n  3epHaMH  nepBHHHBix  mh- 
HepanoB.  Cpepn  OKaTaHHBix  oSjiomkob  (BajiyHOB  n  raneK)  HenponHBie  nopopBi 
(rjiHHHCTBie  ajieBpojiHTBi,  aprnjiJiHTBi  n  pp.)  BCTpenaiOTca  pepKO. 

BajiyHBi,  KaMHH  n  tjibi6bi  no  pa3Mepy  pa3pejiaiOT  Ha  Mejncne  (200-400  mm), 
cpepHne  (400-800  mm)  h  KpynHBie  (>  800  mm).  Cpepn  rpaBniiHBix  3epeH  BBipe- 
jhiiot,  mm:  KpynHBie  (40-20),  cpepHne  (20-10),  MejiKne  (10-4)  n  oneHB  MejiKne 
(4-2). 
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<I>opMa  h  CTeneHL  OKaTaHHOCTH  rpaBHHHbix  3epeH  cymecTBeHHO  3aBHCflT 
ot  npofloiDKHTejiBHOCTH  h  hhtchchbhocth  o6pa6oTKH  MaTepnana  b  npopecce 
TpaHCnOpTHpOBKH.  B  peHHOM  H  MOpCKOM  rpaBHH  3epHa  XOpOmO  OKaTaHBI,  B 
neflHHKOBOM  -  MeHee  OKaTaHBi. 

B  CTpoHTejiBHoii  npaKTHKe  rpaBHH  h  me6eHB  mnpOKO  Hcnojib3yiOT  npH 
yCTpOHCTBe  flOpCWKHBIX  OCHOBaHHH  H  nOKpbITHH,  B  rHflpOTeXHHHeCKOM  CTpOH- 
TenBCTBe  (^peHa>KHBie  ycTpoficTBa,  cJmubtpbi,  rpaBHHHO-necnaHbie  iijiothhbi, 
.aaiviobi).  J\jik  pa3JiHHHBix  cnynaeB  npnivieneinHi  3thx  rpyHTOB  cymecTByiOT 
CTaH/iapTBi,  KOToptiMH  HopMHpyeTCfl  3epHOBOH,  MHHepanBHBiH  h  neTporpacj)H- 
necKHH  cocTaB,  npOHHOCTB,  M0p030CT0HK0CTB,  co,nep}KaHHe  OpraHHHeCKHX  H 
BOflOpaCTBOpHMBIX  BemeCTB.  npH  HCCJie^OBaHHH,  KpOMe  Toro,  o6pamaK)T  BHH- 
MaHHe  Ha  rpaHyjiOMeTpHnecKHH  cocTaB  oSjiomkob  h  3epeH,  cjiohctoctb,  pa3Mep 
h  <J)opMy  npocjioeB  h  hx  pacnpeflejieHHe  b  MaccHBe. 

no  COOTHOHieHHK)  MOK^y  OCHOBOH  H  3anOJIHHTeJieM  H  no  HeKOTOpLIM 
ApyrHM  npH3HaicaM  BbineaniOT  cneayiomne  ocHOBHbie  meKcmypu  Kpynnooo- 
noMOHHbix  nopod :  SecnopaflonHyio,  rae3flOByio,  nceB,nonop(])HpoByK),  koco- 
CJIOHCTyK)  H  SyTOByK)  (pHC.  1.21). 


d  e  jk  3 

Phc.  1.21.  Tck'C'iypbi  rpy6oo6jiOMOLuibix  rpyHTOB  b  otjiO/KCiihhx  pa3Hbix  (})paK- 
h,hh:  a  -  occnopa^OMnaa;  6,  e  -  i  iiC3aoBa>i;  2  -  oyroBax;  d  -  iiccB^onopc|)npoBa>i; 

e-3  -  KococjiOHCTaa 

npH  decnopndomiou  h  zne3doeou  TexcTypax  (pnc.  1.21,  a-e)  KpynHbie 
oSjiomkh  pacnojiojiceHbi  6ecnopaflonHO  hjih  OTflejibHbiMH  rae3,naMH.  IJceedo- 
nopcpupoeaR  TexcTypa  (pnc.  1.21,  d )  xapaicreproyeTCfl  He6ojibiHHM  kojihhcct- 
bom  KpynHOo6jiOMOHHoro  MaTepHana;  ochoboh  cny>KHT  MejiK03epHHCTaa  nacTb 
nopoflbi.  Kococjioucmcm  TexcTypa,  npeflCTaBJieHHaa  Ha  pnc.  1.21,  e,  BCTpenaeT- 
cr  npeHMymecTBeHHO  b  rpaBHHHO-necnaHbix  rpyHTax  b  penHbix  0TJi05Kemnix. 
KococjiOHCTaa  TexcTypa  (pnc.  1.21,  jk)  HMeeT  MecTO  bo  BpeMeHHbix  noTOKax. 
npH  dymoeou  TexcType  (pnc.  1.21,  z)  ocHOBa  rpyHTa  coctoht  H3  conpHKacaio- 
HIHXCfl  oSjIOMKOB,  npOMOKyTKH  MOK^y  KOTOpbIMH  3anOJIHeHbI  MeJIK03eM0M. 
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0u3UKo-MexaHuuecKue  ceoitcmaa  Kpynnoo6.no m ohhbix  rpyHTOB  3aBH- 
CaT  OT  CBOHCTB  OCHOBBI  H  3anOHHHTena  H  COOTHOHieHHa  MOKfly  HHMH.  IIpH 
OecnopaaoaHOH,  rae3aoBOH  h  nceBaonop(|)HpOBOH  TeKCTypax  eodonpommae- 
Mocmb  rpyHTOB  onpeaeaaeTca  rjiaBHbiM  o6pa30M  coaepacaHHeM  h  CBOHCTBaMH 
MenK03eMa,  otho chtc jibhbim  ynacTHeM  ero  b  BbinojiHeHHH  cenemia,  nepneHan- 
KynapHoro  noTOKy  Boati.  KpynHOoSaoMOHHbiH  MaTepnaa  yMeHbmaeT  naomaab 
<J)HJibTpau,HH  h  nomnicaeT  BoaonpOHHpaeMOCTb  rpyHTa.  Boaonpomm,aeMOCTb 
u,enecoo6pa3HO  onpeaeaaTb  tojibko  npn  noaeBbix  HCcaeaoBamiax. 

Bo,zionpoHHH,aeMOCTb  KpynHOoOaoMOHHbix  rpyHTOB  KoaeOaeTca  b  ninpo- 
khx  npeaeaax  -  ot  «-10  7  (rae  n  =  1-10)  ao  (800-1  400)- 10  6  m/c.  OHa  3aBHCHT 
ot  pa3Mepa  nop,  K03(jxJ)Hu,HeHTa  HeoaHopoaHOCTH,  xapaKTepa  3anoaHHTeaa  h 
HeKOTopbix  apyrnx  cjjaKTopoB. 

B  THflpOTeXHHHeCKOM  CTpOHTeJlbCTBe  KpynHOOOjIOMOHHbie  rpyHTbl  HC- 
noab3yiOTca  fljia  B03BeaeHHa  njiOTHH,  aaM6  h  nepeMbineic.  npH  cyr jihhhcto- 

o 

mHHHCTOM  3anojiHHTejie  ohh  nonra  BOflOHenpOHHpaeMbi  (K^  ~  10  m/c),  cy<J)- 
(J)03HOHHO  yCTOHHHBbl,  6bICTpO  ynaOTHaiOTCa  H  XapaKTepH3yK)TCa  BbICOKOH 
oOneMHOH  Maccoii. 

CjtciiMcieMocmb  k p y n n o o 6 a o m o Ln i b i x  rpyHTOB  nponcxoanT  raaBHbiM  06- 
pa30M  3a  cneT  Meaico3epHHCToro  3anoaHHTeaa.  HaHOoabinaa  cacHMaeMOCTb  xa- 
paKTepHa  ana  rpyHTOB  c  rannncTbiM  nanoannTeneivi,  nanMenbuiaa  -  c  necna- 
HbiM.  K p y n n o o 6 a o m o h n b i e  rpyHTbi  OTHOcaTca,  rax  npaBHao,  k  cpeane-  h  Maao- 
cacHMaeMbiM.  rioBbimeHHOH  cacHMaeMOCTbio  OTannaiOTca  KpynHOoOaoMOHHbie 
rpyHTbi  c  cnabHO  BbiBeTpeabiMH  ooaoMKaivin. 


2.3.  IlecKH 

K  necKOM  OTHOcaTca  pbixabie  npoayKTbi  paapymenna  ropHbix  nopoa,  co- 
CToamne  npeHMymecTBeHHO  H3  3epeH  pa3MepoM  0, 5-2,0  mm.  IlecKH  xoporno 
BoaonpOHHpaeMbi,  He  Ha6yxaK)T,  caa6o  cacHMaeMbi,  KannaaapHoe  noaHaTHe 
BOabI  B  HHX  npOHCXOaHT  6bICTpO  H  Ha  He60HbHiyK>  BbICOTy. 

TeKcmypa  u  cmpyKtnypa  onpeaeaaiOTca  hx  o6pa30BaHHeM,  t.  e.  ycao- 
BHaMH  ceaHMeHTau,HH,  b  MeHbHieii  Mepe  anareHe3a,  no  hhm  MoacHO  cyaHTb  o 
reHe3Hce  nopoati  h  HanpaBaeHHH  npHBHOca  oSaoMonHoro  MaTepnaaa.  H3yae- 
Hne  TexcTyp  rpyHTOB  Baaoro  b  npaKTnnecKOM  OTiiouieiinn,  nocKoabKy  no3BoaaeT 
BbiaBHTb  ocaa6aeHHbie  30hbi  -  caon,  KOTOpbie  aBaaiOTca  npenMymecTBei  ii  ibimm 
nyTaMH  cjaiabTpaniin  h  cy<JxJ)03HH  (b  naoTHHax,  aaivioax,  nepeMbiHKax  h  t.  a.), 
HanpaBaeHHaMH  ae(f)opMaii,HH  caenra  h  onoa3HeBbix  noaBHaceic.  Cjioucmocmb 
oSycaaBaHBaeT  aHH30TponHio  BoaonpOHHpaeMOCTH  h  <j)H3HKO-MexaHHaecKHx 
CBOHCTB. 

necKOB  MHornx  reHeTHnecKHx  TnnoB  xapaicrepHa  xococaoHCTaa, 
rHe3aoBaa  h  roprooHTaabHO-caoHCTaa  TexcTypa. 
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HeSnaronpmiTHa  TeKCTypa,  npn  xoTopon  b  Toume  KOCOCJiOHCToro  necxa 
HaxoflMTCM  ruHHHCTbie  npocnoH.  IIpH  yBaa/KiiemiH  no  rjiHHHCTbiM  npocnojiM 
Hepe^KO  nponcxofl^T  CMememw,  t.  e.  SoxoBbie  nonenncxH  rpyHTa. 

Cjiojfcemie  necnaiibix  rpyHTOB  ot  pbixnoro  no  nnoTHoro.  B  necxax  c 
pbixnbiM  cjiojiceHHeM  npn  Bn6pau,HH,  B3pbiBax,  cencMnnecKHx  flBJiemwx  pe3KO 
yMeHbmaeTca  nopncTOCTb,  hto  Bbi3biBaeT  HenonycTHMbie  oeanxn  eoopy>xeHHH. 
IlepecTpoHKa  CTpyicrypbi  BonoHaebimeHHoro  necxa  Bbi3biBaeT  nepexon  ero  b 
nnbiByHHoe  cocTO^Hne  n  onoji3HeBbie  CMemeHna.  Pbixjioh  yxnanxe  cnocoScT- 
ByiOT  yrnoBaTOCTb  3epeH  n  He3HannTejibHoe  nepexaTbiBamie.  IlecKn  c  nnoTHbiM 
cjiojKeHneM  b  MeHbmen  Mepe  oxnMaiOTCfl  n  xapaxTeproyiOTCfl  6onee  bbicokhmh 
noKa3aTeji^MH  cnenra,  neM  pbixnbie  necxH.  Taxne  necKH  o6pa3yiOTCfl  npn  mho- 
roKpaTHOM  nepexaTbiBaHnn  3epeH  (HanpnMep,  b  npnSpemiOH  30He),  cnocoScT- 
ByioineM  nx  (J)HKcau,HH  b  nojiojxeHnn,  eooTBeTCTByiomeM  MHHHMajibHon  no- 
Phctocth.  OxaTaHHaa  n  nnocxaa  cj)opMa  3epeH  SnaronpmiTCTByeT  nx  nnoTHon 
yxnanxe. 

CornacHO  zpanyuoMempuHecKOMy  cocmaey  necxn  nonpa3ne.mnoTCfl  no 
pa3MepaM  nacTnn,  n,  cooTBeTCTBeHHO,  no  nnoTHOCTH  cjiojxeHmi  (xpynHbie, 
cpenHne,  Menxne  n  nbineBaTbie)  c  yneTOM  xo3<jxf)Hn,HeHTa  nopncTOCTH. 

CymecTBeHHO  bjihact  Ha  CBOHCTBa  necxoB  npncyTCTBne  nbineBaTbix  n 
rjiHHHCTbix  nacTnn,,  nx  xonnnecTBO,  nncnepcHOCTb  n  MHHepajibHbin  cocTaB. 
IlbiJieBaTbie  nacTnn,bi  yMeHbinaiOT  BononpOHnpaeMOCTb,  noBbimaiOT  BbicoTy  n 
3aMenJi^K)T  cxopocTb  xanmurapHoro  nonteMa  boabi  b  necxax. 

CmpyKniypnax  nponnocmb  ( cen3Hocmb )  C03naeTca  3a  cneT  3an,enjieHmi 
(3axjiHHHBafflni)  3epeH,  xannnjiapHon  cbjohocth,  peMemiipyioinero  nencTBmi 
npocTbix  conefi  n  tohxhx  Bonno-KonnoHnnbix  menoK  Ha  xoHTaxTax  Moxny 
3epHaMH.  OnHaxo  3th  cb>i3h  He3HannTejibHbi. 

npn  ecTecTBeHHOM  cjiojxeHnn  necxn  oSnanaiOT  6onee  bbicoxoh  MexaHH- 
neexon  nponHOCTbK),  neM  npn  HapymeHHOM.  nocTH>xeHmi  necxoM  Hapy- 
meHHoro  cno)xeHHa  toh  nponHOCTH,  xoTopon  oSnanaeT  necox  ecTecTBeHHoro 
cjiojxemni,  nepBbin  nomxeH  hmctb  Hecxonbxo  Sojibinyio  oSxeMHyio  Maccy  cxe- 
neTa,  neM  BTopon. 

CTpyxTypHaa  nponHOCTb  HaSmonaeTCfl  b  necxax  ecTecTBeHHoro  ejiojxe- 
Hna  npn  caMon  pa3JinnHon  nx  BJiaacHOCTH.  riocne  yxnanxn  n  ynnoTHeHna  nec¬ 
xn  npnoSpeTaiOT  neKOTopyio  CTpyxTypHyK)  nponHOCTb  y>xe  nepe3  Mecan. 

CnoeoSHOCTb  necxa  x  ynnoTHeHnio  3aBnenT  ot  rpaHyjiOMeTpnneexoro 
eocTaBa,  (J)opMbi  n  oxaTaHHOCTH  3epeH,  BJiaacHOCTH  n  CTeneHH  nnoTHOCTH.  HeM 
3epHa  onHoponHee  no  pa3Mepy  n  6onee  yrnoBaTbi,  TeM  MeHee  cnoeoSeH  necox 
x  ynjiOTHeHHK).  OnTHMajibHaa  BJiaacHOCTb  ynnoTHeHna  cocTaBJiaeT  8-12  %. 

Cyxne  necxn  oopaayiOT  OTHOCHTejibHO  nocToamibni  yzoji  ecmecmeemiozo 
onwoca,  x a p a kt e p H3 y io uni ii  nx  cocToamie  6e3  BHeniHen  Harpy3xn.  JXna  eyxnx 
necxoB  pbixnoro  cnoaceHna  oh  npaxTnneexn  eoBnanaeT  e  yrnoM  BHyTpeHHero 
Tpemni.  Ytoji  ecTecTBeHHoro  OTxoea  3aBncnT  rnaBHbiM  o6pa30M  ot  rpaHyno- 
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MeTpHHecicoro  cocTaBa  h  cjiopMbi  aacTHii,.  C  yMeHtmemieM  pa3Mepa  3epeH  yron 
ecTecTBeHHoro  OTKOca  CTaHOBHTca  noaoace. 

B  bo,hohochbix  necKax  flBHJKymaacfl  BO.ua  OKa3tiBaeT  rHflpoflHHaMHne- 
CKoe  ^aBJieHHe  Ha  necaaHbie  3epHa.  Yron  OTKOca  necica  H3MemieTCH  b  3aBHCH- 
MOCTH  OT  HanpaBJieHHM  flBHaceHHfl  BOflbl.  ECJIH  BOfla  (J)HJlBTpyeTCM  H3  KaHaJia 
BHyTpB  OTKOca,  yron  OTKOca  B03pacTaeT,  a  ecjiH  xanaa  apeimpyeT  rpyiiTOBbie 
BOflBi,  ycTOHHHBbiii  otkoc  KaHajia  HecKoabKO  noaoace  yraa  ecTecTBeHHoro 
OTKOCa. 

Conpomuenemie  cdemy.  ripHiniMaiOT,  hto  b  pbixabix  necKax  caBiiraio- 
mee  ycHane  x  3aBHCHT  ot  yraa  BHyrpeHHero  TpeHHa  (p  (tg  (p  — f)  h  BepTHicaab- 
Horo  ^aBaeHHa  o  (x  =  tg  (pa  nan  x  —fa). 

ConpoTHBaeHHe  c^BHry  CBinaHO  He  ToabKO  c  cnaaMH  TpeHHa  conpHica- 
caKDHjHxca  3epeH.  B  30He  c^BHra  b  necKax  H3MemieTCfl  nepBOHaaaabHoe  noao- 
aceHHe  3epeH.  ^onoaHHTeabHoe  ycnane,  HeoSxoflHMoe  ^aa  ycTpaHemni  3aicaH- 
HHBaHHa  3epeH,  hx  HeKOTOporo  noBopoTa  h  pa3pbixaeHHa  necica  b  30He  c^BHra, 
Ha3biBaeTca  HaaaabHbiM  conpOTHBaeHHeM  CTpyKTypbi  nan  3au,enaeHHeM.  Co¬ 
npoTHBaeHHe  CflBHry  nponopu,HOHaabHO  HopMaabHOMy  ^aBaeHHK)  h  naoTHOCTH 
caoaceHHa  necica:  aeM  ohh  Bbirne,  TeM  Soabine  3au,enaeHHe.  B  pbixabix  necKax 
Ha  ConpoTHBaeHHe  c^BHry  3au,enaeHHe  BanaeT  Maao. 

Ha  ConpoTHBaeHHe  c^BHry  necKOB  BanaeT  rpaHyaoMeTpHaecicHH  cocTaB, 
(jiopMa  3epeH,  naoTHOCTb  caoaceHHa  h  ^pyrne  (jiaicropbi.  Yroa  BHyTpeHHero 
TpeHHa  (p  yMeHbmaeTca  c  yBeaHaeHHeM  ^HcnepcHOCTH  necica  h  OKaTaHHOCTH 
3epeH. 

npHMecb  ranHHCTbix  aacTHu,  ^o  5  %  b  KpynH03epHHCTbix  necKax  He 
BHHaeT  Ha  noKa3aTeaH  c^BHra,  a  b  MeaK03epHHCTbix  necKax  OHa  hx  cymecT- 
BeHHO  CHHacaeT. 

C  yMeHbineHHeM  BaaacHOCTH  cnabi  KanHaaapHoro  cpenneHmi  B03pacTa- 
K)T,  hto  CKa3biBaeTca  Ha  noBbimeHHH  conpOTHBaeHHa  c^BHry.  no  Mepe  yBean- 
aeHHfl  BaaacHOCTH  KannaaapHbie  mchhckh  BbinoaaacHBaiOTCfl  h  ConpoTHBaeHHe 
CflBHry  na/jaeT.  OcoSeHHO  OTaeTHHBO  tto  nBaeHHe  npocneacHBaeTCH  b  Meaico- 
3epHHCTbix  necKax. 

npn  cflBHre  BOAOHacbimeHHbix  necKOB  B03HHKaeT  rHflpoflHHaMHaecKoe 
^aBaeHHe,  KOTopoe  yBeananBaeT  nan  yMeHbinaeT  HopMaabHoe  ^aBaeHHe  o.  Be- 
anHHHa  h  HanpaBaeHHOCTb  ero  CBimHbi  c  nopHCTOCTbio  necKOB.  npn  c^BHre 
naoTHbix  BOAOHacbimeHHbix  necKOB  nopncTOCTb  hx  B03pacTaeT,  BO.ua  oica3biBa- 
eT  Ha  necoK  ^oSaBoaHoe  (k  HopMaabHOMy)  rn^po^HHaMnaecKoe  flaBaemie. 
npn  cflBHre  pbixabix  necKOB  nopncTOCTb  noHHacaeTca,  h  BO.ua  BbDKHMaeTca  H3 
necxa;  b  ttom  cayaae  rHflpoflHHaMHaecKoe  ^aBaeHHe  HanpaBaeHO  ot  30hbi 
CflBHra  h  yMeHbinaeT  HopMaabHoe  ^aBaeHHe.  Ecan  nopncTOCTb  paBHa  KpHTHae- 
ckoh,  to  rHflpoflHHaMHaecKoe  ^aBaeHHe  paBHO  Hyaio.  TaKHM  o6pa30M,  cabh- 
raiomee  ycnane  x  aaa  naoTHbix  necKOB 

^  —  (G  +  GrilJ1  p)tg  (p, 
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pBIXJIBIX  neCKOB 


^  (G  GTm p)tg  (p. 

Pa3JIHHaK)T  HeCKOJIBKO  OCHOBHBIX  BHflOB  Ae<j)OpMail,HH,  BBI3BIBaeMBIX 
AeilCTBHeM  (J)HJlBTpaU,HOHHBIX  nOTOKOB!  BBinOp,  Cy(J)(|)03H5I,  KOHTaKTHBIH  BBIIIOp 
H  KOHTaKTHBIH  pa3MBIB. 

Cy(p(p03U0HHbie  HOJICHUH,  BBipa'/KaiOLHIieCH  B  BBIHOCe  H3  nOpOflBI  MeJIKHX 
nacTHu,,  npHypOHeHBi  k  necKaM  h  cynecuM  onpepejiCHHoro  cocTaBa  h  CTpyKTy- 
pBI,  B03HHKai0T  npH  3HaHHTeJIBHBIX  Tpa^HCHTaX  (J)HJIBTpaU,HOHHOTO  nOTOKa,  Ha- 
npHMep,  B  ee  OCHOBaHHH  H  B  HH5KHCM  OTKOCe  3eMJHIHBIX  nJIOTHH.  Ohh,  KpOMe 
toto,  BCTpenaiOTCM  npH  Obictpom  cna^e  naBopKa,  BBi3BaBHiero  nopnop  boao- 
HOCHOTO  T0pH30HTa,  a  TaK5Ke  npH  (J)HJIBTpai],HH  BOflBI  H3  nJIOTHH  H 

Cy<jxJ)03Hii  MO>KeT  6bitb  BHeniHeii  (h3  npHnoBepxHOCTHoro  cjioh  rpyHTa), 
H  BHyTpeHHeil  (H3  ero  TOJIHIH).  Cy(J)(J)03HII  HeB03M05KHa,  eCJIH  MHHHMaJIBHBIH 
^HaMeTp  nacTHu,  rpyHTa  SojiBine  hjih  paBeH  pnaMeTpy  <J)HJiBTpau,HOHH&ix  xo- 
A ob  -  nop. 

PlepexoA  MejiKHx  nacTHu,  bo  B3BemeHHoe  cocTomnie  h  bbihoc  hx  nponc- 
xoflHT  b  ycaoBHHx  TypoyaeiiTiioro  pe>KHMa  rpyHTOBBix  boa  npn  THApaBJiHHe- 
ckom  rpaAneHTe  J>  5.  3tot  pe>KHM  b  necKax  HMeeT  jiOKajiBHBra  xapaKTep.  npn 
cy(J)(|)03H0HH0M  BBiHOce  Ha  noBepxHOCTH  necKa  o6pa3yiOTai  yrjiySjieHHu. 

Cy(J)(J)03H0HHBIM  HBJiefflMM  SjiaTOnpHUTCTByiOT  3HaHHTeJIBHBie  OTJIHHHH  B 
pa3Mepe  cmokhbix  (j)paKii,HH,  HanpHMep,  Kor^a  cpeAHHH  AHaMeTp  3epeH  Kpyn- 
hoh  (j)paKu,HH  d\  6onee  neM  b  20  pa3  npeBBimaeT  AHaMeTp  mcjikhx  <J)paKii,HH  di, 
t.  e.  d\!di  >  2.  ^jih  opeiiKH  cycj)cj)03H0HH0CTH  rpyHTa  HcnojiB3yiOT  CTeneHB  He- 
oahopoahocth:  CH  =  d6()  /  d]().  B  cooTBeTCTBHH  c  3thm  noKa3aTeneM  necnaHBie 
rpyHTBi  pa3JiHHaiOTCM  Ha  Hecyc|)(J)03H0HHBie  (CH  <  0),  cy(Jxj)03H0HHBie  (CH  >  20) 
H  TpyHTBI  nepeXOAHOH  oSjiaCTH,  KOTOpBie  MOryT  6bITB  Cy<j)(f)03H0HHBIMH  H  He- 
Cy(J)(J)03H0HHBIMH  (CH=  10-20). 

Cy(fxj)03HOHHBie  HBJieHHH  HaCTO  B03HHKaiOT  B  MeCTaX  KOHTaKTa  TJIHHH- 
ctbix  h  necnaHBix  hjih  n&uieBaTBix  h  necnaHBix  cjioeB.  npn  nepeceneHHH 
(j)HJIBTpaU,HOHHBIM  nOTOKOM  KOHTaKTHOH  30H&I  B03M05KHBI  HBJieHHH  pa3MBIBa  H 
cy(jxj)03HH,  KOTOpBie  6yAyT  tcm  omyTHMee,  neM  SojiBine  pa3JiHHHe  b  ko3(J)(|)h- 
pneHTax  cj)HJiBTpaii,HH  rpyHTOB  cmokhbix  cjioeB  (Ap  h  At).  Cycj)cj)03Hn  nponcxo- 
Aht,  ecjin  k\  /  At  >  2. 

Cy<Jxj)03Hii  BBi3BiBaeT  yBejiHneHHe  nopHCTOCTH  necKOB,  noini>KaeT  hx  yc- 
TOHHHBOCTB  H  npOHHOCTB. 

Tljibieynbi  -  rpyHTBi,  KOTOpBie  npn  bckpbithh  npuxoAflT  b  ABii/Kenne  no- 
Ao6ho  BH3KOTeKyneMy  Tejiy,  BCTpenaiOTCM  cpepn  BOAOHacBimeHHBix  mcjiko- 
3epHHCTBix  nBiJieBaTBix  necKOB.  Pa3JiHnaiOT  nji&iByHBi  hcthhhbic  h  nceBAonjiBi- 
ByHBi.  McmuHHbie  nnueynbi  xapaKTep inyiOTCH  npiicyTCTBiie m  nBiJieBaTO- 
TJIHHHCTBIX  H  KOJIJIOHAHBIX  HaCTHH,,  OoJIBHieil  nOpHCTOCTBIO  (>  40  %),  HH3KHMH 
BOAOOTAaneil  H  K03(j)Cf)HIl,HeHTOM  (J)HJIBTpaU,HH,  CnOCOSHOCTBIO  K  THKCOTpOnHBIM 
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npeBpameHHflM,  onjibiBamieM  npn  BJiamiocTH  6-9  %  h  nepexo^OM  b  Texynee 
COCTOflHHe  npH  BJia^KHOCTH  15-17  %. 

IJceedombieynbi  -  necKH,  He  co^ep>KamHe  tohkhx  rjiHHHCTbix  nacTHH,, 
nojiHOCTBK)  BO/iOHacbimeHHbie,  jierKO  OTflaiomne  BO/iy,  BOAonpOHHpaeMbie,  ne- 
pexofl^niHe  b  njibiByHHoe  cocTOnmie  npn  onpe^eJiCHHOM  THflpaBJiHHecKOM  rpa- 
flHeHTe. 

C>KHMaeMOCTb  nJIbIByHHbIX  neCKOB  3aBHCHT  OT  nJlOTHOCTH  HX  CJICHKeHHa 
H  B03M0>KH0CTH  OTTOKa  BOflbl. 


2.4.  r JiHHHCTbie  rpyHTbi 

K  ZJlUHdM  OTHOCHTCH  TOpHbie  nOpOflbl,  KOTOpbie  He3aBHCHMO  OT  HX  XH- 
MHnecKoro  h  MHHepajibHoro  cocTaBa,  Syuynn  pa3MejibHeHHbiMH  po  bbicokoh 
CTeneHH  ^HcnepcHOCTH,  o6pa3yiOT  c  bo^oh  njiacTHHecicoe  Teno. 

B  cocTaBe  tjihhhctbix  nopo^  pa3JiHHaiOT  ^Ba  ochobhbix  KOMnoHeHTa: 
TOHKOflHcnepCHbie  r JiHHHCTbie  MaTepnajibi,  oojiOMOHiibie  nepBiiniibie  MHHepajibi. 

BcecTopoHHee  nccjieflOBaHHe  tjihh  HeoSxoflHMO  /pin  pemeHHn  hckoto- 
pbix  reojiorHHecKHx  BonpocoB  (najieorpacJiHHecKHe  nocTpoemin,  reHe3HC  oca- 
flOHHbix  nojie3Hbix  HCKonaeMbix),  a  TaK/Ke  Bbi6opa  ocHOBaHHH  ana  CTpoHTejib- 
CTBa  coopy/KemiH  h  Hcnojib30BaHHn  rjiHHHCTbix  rpyHTOB  kbk  CTpoHTejibHbix 
MaTepnaiiOB. 

TeKcmypa  onpe/iejineT  CTeneHb  Heo/piopo/iHOCTH  nopo^bi  h  opneHTHpo- 
BaHHOCTb  ee  CTpyicrypHbix  ojicmchtob,  a  nop  cmpyKmypou  noiiMiviaiOT  pa3Mep, 
(})opMy,  xapaKTep  noBepxHOCTH  CTpyKTypHbix  3JieMeHTOB. 

Ycjiobho  pa3JiHHaK)T  MdKpo-,  M630-  M  m u xpo in enemy p bl  (CTpyKTypbl),  KO- 
TOpbie  H3ynaK)T,  COOTBeTCTBeHHO,  BH3yaJIbHO,  C  nOMOIHbK)  nOJiapH3aU,HOHHOTO 
MHKpocKona,  3JieKTpoHHoro  MHKpocKona  h  peHTreHOCTpyKTypHoro  MeTopa. 

ITo  opiienTamni  CTpyicrypHbix  saeMeiiTOB  b  npocTpaHCTBe  paajiHwaiOT 
QecnopndoHHbie  h  ynopndoneHHbie  MUKpomeKcmypu.  K  oecnopnpoHiibiM  otho- 
cutc n:  MaccHBHaa,  nibiSoBan,  KOMKOBan,  opexoBHpHan;  k  ynopnponeHHbiM  - 
CHOHCTaa,  CToaonaTaa,  njiHTHaTan,  cjiaimeBaTan,  jiHCTOBaTan,  HemynnaTan. 

BbipejiniOT  cjiepyiomne  ocHOBHbie  Biipbi  MaKpocmpyKmypu :  mbiooByio, 
KOMKOByK),  opexoByio,  CHOHCTyK),  CTOJiSnaTyK),  njiHTHaTyK),  cjiaHpeBaTyio, 
jiHCTOByio,  nemyiiHaTyK)  (pnc.  1.22).  Pa3Mep  CTpyKTypHbix  OTpejibHOCTeii  ko- 
jieSjieTcn  ot  1  mm  h  6ojiee  po  popeii  caHTHMeTpoB. 

Me30cmpyKmypnbie  dJieMenmbi  (oSjiomkh  nopop,  MHHepajibi,  arperaTbi, 
OpraHHHeCKHe  OCTaTKH)  HMdOT  pa3Mep  OT  HeCKOJIbKHX  MHJIJIHMeTpOB  PO  0,005  MM. 

MuKpocmpyKmypa  xapaKTepH3yeT  saeMeiiTbi  c  pa3MepoM  MeHee  0,005  mm, 
t.  e.  TJiaBHbiM  o6pa30M  r JiHHHCTbie  MHHepajibi.  HanSojiee  nacTO  BCTpenaiOTcn 
cpepyiomne  MHKpocTpyKTypbi:  npacTnnnaTan,  jiiiCTOOopasnaH,  HemynnaTan, 
OBajibnaa,  HrojibnaTan,  TpyonaTan. 
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XuMunecKuu  cocmae  rjiHHbi  pa3HOo6pa3HbiH  no  cocTaBy.  Fjihhbi  npen- 
CTaBJHHOT  COSOH  CMeCH  pa3JIHHHbIX  OKHCJIOB  H  HX  COeflHHeHHH  H  COnepaCBT 
Taioxe  opraiiHHecK'iie  BemecTBa,  Bony  n  b  pane  cnynaeB  nerKopacTBopnMBie  cojih. 


5  6  7  8  9 

Phc.  1.22.  OcHOBHbie  bh^m  MaicpocTpyKTypbi:  1  -  rabiSoBaa;  2  -  KOMKOBaTaa;  3  - 
opexoBH^Haa;  4  -  aiOMCxaa;  5  -  ci  oJiSMai  aa;  6  -  inimoHiiax;  7  -  aianucBai  aa; 

8  -  jiHCTOBaTaa;  9  -  HcmyilMai  aM 


B  reonornn  3a  rjiHHHCTBie  rpyHTBi  npumiMaiOT  wacTimbi  MeHee  0,005  mm, 
HHorna  MeHee  0,002  n  0,00 1  mm.  B  rpyHTOBeneHHH  k  rjiHHHCTbiM  OTHoeaT  nac- 
Tnn,bi  pa3MepoM  MeHee  0,002  mm  (peace  MeHee  0,001  mm). 

OcHoeHbiMU  ceoucmeaMU  zpynmoe  (znuiiucmbix)  npu  ejauModeucm- 
euu  c  eodou  aBJiaiOTca  HaSyxamie,  pa3MbiBaeMOCTb  h  ycanxa. 

Hadyxamie  nponcxonuT  BCJiencTBHe  npHTaaceHHa  Bonti  rpyHTOBbiMH 
nacTHpaMH  h  nepexona  ee  H3  CBoSonHoro  cocToaHHa  b  CBa3aHHoe;  oho  conpo- 
BoacnaeTca  yBejiHneHHeM  oSneMa  h  nopncTOCTH  h  yMeHbmeHHeM  nponHOCTH 
rpyHTa.  noica3aTejiaMH  HaSyxaHHa  aBJiaiOTca  OTHOCHTejibHoe  yBejiHneHHe  c  Te- 
neHneM  BpeMeHH  BbicoTbi  h  oSneMa  rpyHTa,  naBJieHHe  HaSyxaiomero  rpyHTa 
h  BJiaacHOCTb  HaSyxaHHa  (MaKCHMajibHaa  BJiaacHOCTb,  nocTHraeTca  npn  Ha6y- 
XaHHH). 

J\jih  OTHeceHHa  rpyHTOB  k  naOyxaiouniM  npuMenaiOT  npHOHii/KemibiH 
KpHTepHH: 

[(/o-4)/(4  +  /o)]<0,3, 

rne  4  h  4)  —  K03(J)(j)Hu,HeHTbi  nopncTOCTH  rpyHTa,  eooTBeTCTBeHHO,  ecTecTBeH- 
hoh  CTpyKTypbi  h  npH  BepxHeM  npenene  njiacTHHHOCTH. 

Pa3MbieaeMocmb  -  pa3pymeHHe  rpyHTOB  non  nencTBHeM  Texyanx  Bon. 
3to  cjioacHbiii  npopecc,  3aBHcamHH  ot  mhothx  cj)axTOpOB,  KOTOpbie  MoacHO 
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pa3flejiHTB  Ha  BHyTpeHHHe  (MHHepajiBHtiH  h  rpaHyjiOMeTpHnecKHH  cocTaB 
rpyHTa,  ero  TeKCTypa,  xapaicrep  CTpyKTypHBix  CBaaen  h  t.  n.)  h  BHeniHHe  no 
OTHomeHHK)  k  rpyHTy  (MHiiepaa Miami ji  h  MyTiiocTB  bohbi,  rH^paBJinnecKHe  yc- 
jiobhh  -  mnpHHa  h  mySHHa  noTOxa,  ero  yxnoH,  y/iap  CTpyn  o  6eper,  BepxHHH 
OTKOC  nJlOTHH  H  R p.).  Pa3MBIBaeMOCTB  XapaKTepH3yK)T  KpHTHHeCKOH  (pa3MBI- 
Baiomeii)  CKOpocTBK)  BO^Horo  noTOxa,  npn  xoTOpoii  HammaeTCn  OTpBiB  ot- 
^ejiBHBix  nacTHu,  h  hx  nepeflBH>KeHHe  bo^oh. 

r jiHHHCTBie  rpyHTBi  oaaroaapH  CTpyxTypHBiM  cbjhhm  MeHee  noaBep'/xeiiBi 
pa3MBiBy,  neM  Mejixo3epHHCTBie  necKH  h  nBiJieBaTBie  rpyHTBi. 

^aHHBie  O  pa3MBIBaeMOCTH  rpyHTOB  HeoSxOflHMBI  npOeKTHpOBaHHH 
CKopocTeii  flBHJKeHHn  BOflBi  h  npOAOJiBHBix  yKJiOHOB  xaHana,  nporH03a  H3MeHe- 
hhh  KOH(J)Hrypau,HH  k Ha  h  SeperoB  BO^OTOxa  npn  yBejinneHnn  cxopocra  ^bh- 
jxeHHn  BOflBi,  cyjxfleHHn  o  nepepaSoTxe  SeperoB  BOflOxpaHHJiHm  h  pex. 

npn  HcnapeHHH  boabi  c  noBepxHOCTH  rpyHTa  hjih  b  pe3yjiBTaTe  npopecca 
b  cySaxBajiBHBix  ycjiOBHux  oobcm  rpyHTOB  yMeiirmaeTCH,  t.  e.  ohh  .aaiOT  ycadKy. 
3tot  npopecc  conpOBOx^aeTca  B03pacTaHHeM  xanHJunipHBix  h  TJiexTpoMOJie- 
xyjiapHBix  chji,  nepexo^OM  rpyHTOB  b  6onee  ycTOHHHByio  xoHCHCTeHu,Hio. 
Yca^xa  h  oxaTne  rpyHTOB  no^  CTaTHnecxoii  Harpy3xoii  BHemHe  cxo^hbi.  O^- 
Haxo  npn  yca^xe,  b  otjihhhc  ot  oxaTHu,  MiiviemieTCfl  KOimenTpaumi  napOB&ix 
pacTBopoB  h  b  oca/iox  BBina^aiOT  BOflOpaCTBOpHMBie  COJIH. 

Yca^xa  HaSmoflaeTCn  npn  nepeflBHJxeHHH  boabi  H3  BOflOHacBimeHHoro 
rpyHTa  b  cyxoir  BoflOHacBimeHHBiH  rpyHT  npn  ttom  yMeHBinaeTOi  b  oSxeMe,  h 
b  HeM  o6pa3yK)TCn  yca/ionHBie  Tpein,HHBi.  IIofloSHBie  hbjichhh  OTMenaiOTOi  npn 
nocTynjieHHH  boabi  H3  hjiothh  b  oxpy^xaiomHe  nopo^Bi,  ohh  hmciot  Bamioe 
inaHemie  b  caMoynjiOTHeHHH  rpyHTOB&ix  aeivunniBix  rnflpoTexHHHecxHx  co- 
opyjxeHHH.  PacTurHBaiomHe  ycnjimi,  B03HHxaiomHe  npn  yca^xe,  npeBOCxo,zprr 
chjibi  CTpyxTypHoro  cpenjieHHJi.  B  npupomiBix  ycjiOBHux  yca^omiBie  TpemHHBi 
npocTHpaiOTca  Ha  rjiySmiy  ^o  hccxojibxhx  MeTpOB  h  hmciot  mnpHHy  ^o  He- 
CXOJIBXHX  CaHTHMeTpOB. 

TpeiHHHBI  nOHH>XaK)T  yCTOHHHBOCTB  MBCCHBa  rpyHTa  Ha  CXJIOHaX,  Ha  OT- 
xocax  3eMJWHBix  njiOTHH,  BBi3BiBaiOT  pa3pBiB  xopHen  pacTeHHH,  cnocoScTByiOT 
npocBixaHHio  rjiySoxHx  cnoeB,  npOHHXHOBeHHio  b  rpyHTOByio  TOJimy  aTMO- 
ciJiepHBix  oca^xoB. 

J\ji%  ripeaoTBpauieinmi  oopaiOBaima  TpemHH  yca^xn  b  leMmuiBix  coopy- 
jxeHHux  otxocbi  hx  cjie,nyeT  noxpBiBaTB  B03Hymno-cyxMM  xpynH03epHHCTBiM 
rpyHTOM. 

MexammecKue  ceoucmea.  B  mHHHCTBix  rpyHTax  xohtbxt  Me>xay  nac- 
THpaMH  ocymecTBJiaeTCn  nepei  rHflpaTHO-xojuiOHflHBie  njieHXH,  xapaxTepH- 
3yiomHecM  onpeflejieHHoii  bh3xoctbio,  MexaHHHecxoH  npoHHOCTBio  h  npH^aio- 
mne  rpyHTaM  cbh3hoctb.  IJpoHHOcmb  tjihhhctbix  rpyHTOB  B03pacTaeT  no  Mepe 
B&iCBixaHHn,  t.  e.  npn  yTonjieHHH  njieHOx. 
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HeKOTopyio  pout  b  nponnocTH  tjihhhctbix  rpyHTOB  nrpaeT  3JieKTpocTa- 
THHeCKOe  npHTIDKCHHe,  B03HHKai0mee  npH  B3aHMOpCHCTBHH  pa3HOHMeHHO  3a- 
p^DKeHHBix  rpyHTOBbix  nacTHu,  hjih  npH  TpeHHH  nacTHu,  ppyr  o  ppyra,  nponcxo- 
flanieM,  HanpHMep,  b  npouecce  ycapKH.  3th  chjibi,  a  TaioKe  chjibi  MOJieKyjwp- 
HOTO  npHTM>KeHH5I  npOflBJHIIOTai  TOJIBKO  npH  OHeHB  MaJIOH  BJia^KHOCTH,  KOT^a 
TJIHHHCTBIH  TpyHT  npH06peTaeT  TBepayiO  KOHCHCTeHIIHK),  HJIH  npH  3HaHHTCJIB- 
hom  paBJieHHH,  o6ycjiaBJiHBaK)HieM  yBejinneHne  hjiothocth  hx  cjiojkchhh  h 
c6jiH5KeHH>i  nacTim  rpyHTa. 

O  cjfcuua eu o cm u  rpyHTOB  mo>kho  cypHTB  no  K03c|)cj)nmienTy  c>KHMae- 
MOCTH  (ynJIOTHeHH^)  So  H  MOpyJIIO  fle(j)OpMaU,HH  Eq. 

OcoSeHHOCTBK)  TJIHHHCTBIX  rpyHTOB  JIBJUieTCJI  MepJICHHOe  TeneHHe  npo- 
pecca  ynjiOTHeHH^,  KOTOpoe  nop  coopy>KeHmiMH  3aBepmaeTOi  jihhib  nepe3  He- 
ckojibko  JieT,  HHorpa  nepe3  pecuTKH  jieT. 

npopecc  ynjiOTHeHH^i  3aKJiK)naeTca  b  nepexope  cboSophoh  bopbi  b  no¬ 
pax,  HMM06nJlH30BaHH0H  B  CTpyKTypHBIX  CCTKaX,  H  naCTHHHO  nJieHOHHOH  B 
CBoSopHyio  Bopy,  KOTopan  h  OTmiMaeTCu.  KojinnecTBO  OTmiMaeMon  bopbi 
nponopu,HOHajiBHO  BHeniHen  Harpy3Ke.  YnjiOTHeHHe  b  tjihhhctbix  rpyHTax 
B03M05KH0  TOJIBKO  nOCJie  HapyiHCHHJI  CTpyKTypHBIX  CBH3CM. 

KoHCOJinpapmo  tjihhhctbix  rpyHTOB  pa3pejnnoT  Ha  nepBUHIiyiO,  HJIH 
(J)HJIBTpaU,HOHHyiO,  npH  KOTOpOH  npOHCXOpHT  OT5KHM  CBOSopHOH  BOPBI,  H  BTO- 
pHHHyio,  oSycjiOBJieHHyio  BinKonjiacTHnecKHM  conpomBJieHHeM  CBH3aHHOH 
BOPBI  CpBHTy,  nOBOpOTOM  H  CMeiHCHHCM  TpyHTOBBIX  HaCTHU,.  HeM  BOPHO- 
KOJiJionpHBie  njieHKH  tohbhic,  tcm  6ojiBine  conpOTHBJieHne  rpyHTa  pecj)opMH- 
pyiOipHM  yCHJIHUM. 

06ipan  pecjjopMamia  tjihhhctbix  rpyHTOB  nop  Harpy3KOH  ocrapBiBaeTCH 
H3  ocapKH  oSpaTHMon  (ynpyron)  h  neoopaTHMOH  (ocTaTOHiiOH).  OopaTHMaa  pe- 
c|)opMamia  nponcxopHT  BCJiepcTBne  pajanHiiBix  npicnin,  H3  kotopbix  raaBHoe  3Ha- 
Hemie  HMeeT  ynpyrocTB  (bopho-kojijiohphbix  njieHOK,  3aipeMJieHHBix  ny3BipBKOB 
B03pyxa,  HemyHHaTO-njiacTHHnaTBix,  raaBHBiM  o6pa30M  tjihhhctbix  MaTepnajiOB). 

Heo6paTHMaa  pe(J)opMau,Hn  CBioaHa  c  ot>khmom  bopbi  h  yrniOTHeHneM 
rpyHTa,  npOHCxopnipHM  BCJiep  3a  HapymeHHeM  HanajiBHOH  CTpyKTypBi  nponHO- 
cth.  OTHOCHTejiBHan  h  aocojnoTiiaa  pojiB  CTpyKTypHBIX  pe(J)opMau,HH  cyipecT- 
BeHHO  3aBHCHT  ot  njiOTHOCTH  cjiojKeHHn  rpyHTa. 

B  o6meii  pecj)opMau,HH  rpyHTOB  ocTaTOHHBie  pe<j)opMau,HH  3HanHTejiBHO 
npeBbimaiOT  o6pamMBie. 

Ha  c>KHMaeMOCTB  tjihhhctbix  rpyHTOB  bjhihct  hx  TeKCTypa,  CTpyKTypa, 
KOHCHCTeHU,HH,  MHHepaJIBHBIH  H  TpaHyjIOMCTpHHeCKHH  COCTaB,  eMKOCTB  oSMCHa 
H  COCTaB  oSMeHHBIX  KaTHOHOB,  XapaKTep  nOpOBBIX  paCTBOpOB,  nOpHCTOCTB, 
TeMn  3arpy3KH  h  ppyrne  (JtaKTOpBi. 

OcHOBHan  xapaKTepncTHKa  nponHOCTH  rpyHTOB  -  conpOTHBJieHne  cpbh- 
ry,  B  MeHBHieH  CTeneHH  BJIHUCT  K03(J)(J)HU,HeHT  TpeHHH  /  =  tg  (p,  3aBHCaipHH  OT 
yrjia  BHyTpeHHero  TpeHHH  (p. 
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OTHOCHTeuBHaa  ponB  cnennemin  u  eHympeimezo  mpeuun  b  npoinocTii 
rJIHHHCTBIX  rpyHTOB  MOJKeT  6bITB  pa3JIHHHOH.  BBICOKOflHCnepCHBIX  o6bo^- 

HeHHBIX  rJIHHHCTBIX  rpyHTOB  BHyTpeHHee  TpeHHe  BCJie^CTBHe  TOHKOCTH  rJIHHH¬ 
CTBIX  HaCTHU,  H  AeHCTBHH  BO^HO-KOJIJIOHflHBIX  nJICHOK  OHCHB  MaJIO,  H  COnpOTHB- 
jieHHe  CflBHry  3aBHCHT  npaxTHnecxH  ot  cpenjieHHJi.  Eoji&meii  nacTBio  conpo- 
THBJieHHe  CflBHry  onpeflejineTCn  xax  BHyTp chhhm  TpeHHeM,  Tax  h  cpenjieHHeM. 

Conpomuenemie  cdeuay  tjihhhctbix  rpyHTOB  3aBHCHT  ot  mhothx  (jiaxTO- 
pOB  (TexcTypa,  cocTaB,  BJiamiocTB  h  ^p.).  Bjihuhhc  TexcTypBi  cxa3BiBaeTCn  b 
TOM,  HTO  CJIOHCTBie  TJIHHBI  XapaXTCpiIjyiOTCfl  aHH30Tp0nHeil  npOHHOCTHBIX 
CBOHCTB.  npH  napaJIJieJIBHOH  CJIOHCTOCTH  COnpOTHBJieHHe  CflBHry  MeHBHie,  HeM 
npH  nepneHflHxyjinpHOH  cjiohctocth.  Maxpo-  h  MHxpOTpemHHOBaTOCTB  3HanH- 
TejiBHO  (BnjiOTB  £ o  Hyjin)  noHH>xaiOT  conpOTHBJieHHe  c^BHry,  a  HajiHHne  bxjiio- 
neHHH  noB&imaeT. 

ConpOTHBJieHHe  CflBHry  cymecTBeHHO  3aBHCHT  ot  cocTaBa  h  coctouhhh 
rjiHHHCTBix  rpyHTOB.  C  yBejiHneHHeM  jiHcnepcnocTii  conpOTHBJieHHe  CflBnry 
noBbimaeTCM,  Tax  xax  chjibi  cpenjieHHn  B03pacTai0T.  OTHOCHTejiBHan  pojiB 
BHyTpeHHero  TpeHHn  h  cu,enjieHHn  b  conpOTHBJieHHH  cflBHry  3aBHCHT  ot  rpaHy- 
jiOMeTpnnecxoro  cocTaBa  rpyHTOB.  IIo  Mepe  orpySeHHn  cocTaBa  rpyHTOB  (npH 
nepexo^e  ot  tjihh  x  cynecuM),  Haxo,zpimHxai  b  o^hoh  h  toh  >xe  xoHCHCTeHu,HH, 
yroji  BHyTpeHHero  TpeHHn  hx  yBejiHHHBaeTca,  a  cpenjieHHe  yMeHBHiaeTCu. 

npOHHOCTHOii  xapaxTepHCTHxoii  rpyHTOB  nBJineTCn  Taxjxe  h  pacneTHoe 
conpOTHBJieHHe  rpyHTOB  HOpMaJIBHOMy  flaBJieHHK),  XOTOpOe  3aBHCHT  OT  (j)H3H- 
xo-MexaHHnecxHx  cbohctb  rpyHTOB  [21]. 
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P  a  3  a  e  Ji  2 


KOHCTPYKI^HH  rPYHTOBBIX  IIJIOTHH 
H  METO^BI  HX  B03BE£EHHH 


r  ji  a  b  a  1 

KOHCTPYKTHBHBIE  3JIEMEHTBI  3EMJIHHBIX 
H  KPynHOOEJIOMOHHMX  IIJIOTHH 


1.1.  nonepeHHbifi  iipo(|)ii.n>  3eMJiHHbix  iuiothh 

3eMJi^Haa  nnoTHHa  -  3to  HacLint  TpaneiieH^anBHoro  hjih  6jiH3Koro  k 
TpaneijHH  nonepenHoro  ceneHHn  c  npuMBiMH  hjih  jiOMaHBiMH  6okobbimh  CTopo- 
HaMH,  Ha3BIBaeMBIMH  OTKOCaMH  (pHC.  2.1). 


Phc.  2.1.  3jieMeHTbi  npo(J)HJia  icmjibiioh  njiOTHHbi:  1  -  Tejio  njiOTHHbi;  2  -  Bepxo- 
boh  otkoc;  3  -  hh30boh  otkoc;  4  -  rpe6eHb  njiOTHHbi;  5  -  6epMa;  6  -  KioBeT; 
7  -  .upcna/Kiiaa  npH3Ma;  8  -  opoBKn;  9  -  nofloniBa  OTKOca;  10  -  Kpeiuiemie  OTKOca 


3eMJiaHBie  njiOTHHBi  He  .zjonycKaiOT  nepejiHBa  boabi  nepe3  rpeSeHB,  hto 
M05KeT  npHBecTH  k  hx  pa3pymeHHK>,  no3TOMy  rpe6eHB  hjiothhbi  Heo6xoflHMO 
pacnojiaraTB  BBirne  pacneTHoro  ypoBHn  boabi  b  BO,noxpaHHJiHme  c  yneTOM  BeT- 
pOBoro  HaroHa  h  CTpoHTejiBHoro  3anaca,  o  neM  6y/ieT  CKa3aHO  mnice. 

B  OTBeTCTBeHHBIX  COOpyJKefflttlX  flJia  3amHTBI  OT  BCnJieCKOB  BOflBI  HHOr^a 
ycTpaHBaiOT  napaneT  b  BH^e  cnjioniHOH  ctchkh  y  6pOBKH  b  BepxHeM  SBecjie,  c 
yneTOM  KOTOpOrO  M05KH0  HeCKOJIBKO  yMeHBHIHTB  BBICOTy  nJIOTHHBI. 
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OaepTamie  otkocob  iijiothh  Ha3HaaaiOT  HCxo.ua  H3  ycnoBHH  hx  ycToinni- 

bocth: 

•  c  yneTOM  (j)H3HKO-MexaHHHecKnx  xapaKTepncTHK  rpyHTOB  otkocob  h 
ocHOBaHHa; 

•  fleficTByiomHx  Ha  otkocbi  chji:  coSctbchhoto  Beca,  BnmiHHa  bo^bi 
(B3BeniHBaHHM,  cj)HJiBTpau,HOHHBix  chji,  KanHaaapHoro  ^aBJieHHa); 

•  BBICOTBI  nJIOTHHBi; 

•  CeilCMHHeCKHX  B03/ieHCTBHH. 

B  3aBHCHMOCTH  OT  BBICOTBI  nJIOTHHBi  Ha  ee  OTKOCaX  HeoSxOflHMO  npe^y- 
CMaTpHBaTB  yCTpoilCTBa  6epM  KaK  B  BepXOBOM,  TaK  H  B  HH30B0M  OTKOCaX 
cayaceOHBix  npoe3AOB,  c6opa  h  OTBO.ua  aTMOcejiepHBix  bo  a  [15]. 

LLIiipuHy  zpeomi  hjiothhbi  caeayeT  ycTanaBaiiBaTB  b  3aBHCHM0CTH  ot  yc- 
hobhh  npOH3BOACTBa  pa6oT  h  3KcnayaTau,HH,  ho  He  MeHee  4,5  m.  OTMeTKa 
rpe6mi  naoTHHBi  onpeaeaaeTca  Ha  ocHOBaHHH  BBiHHcaeHHa  B03BBimeHHa  ero 
Haa  pacneTHBiM  ypOBHeM  bo^bi  (pnc.  2.2). 


Bo36biiuemie  zpednn  3eMaaHoil  naoTHHBi  d  Haa  pacaeTHBiM  CTaTHCTHae- 
ckhm  ypOBHeM  b  BoaoxpaHHanme  (cm.  pHC.  1.10)  onpeaeaaeTca  no  (f)opMyjie 

d=hK  +  Ah  +  a,  (2.1) 

rae  hu  -  BBicoTa  HaKaTa  BeTpOBoii  bojihbi  Ha  otkoc,  m;  A h  -  BBicoTa  BeTpOBoro 
HaroHa  bo^bi,  m;  a  -  3anac,  npHHHMaeMBiii  He  MeHee  0,5  m. 

Bucomy  Hamma  eonubi  hu  paccnHTBiBaiOT  no  cj)opMyjie  H.  H.  ^acymcoB- 

ckoto: 

\  =3,2-CE -tga  =  3,2£  — ,  (2.2) 

m 

Tfle  C  -  BBICOTa  BOHHBI,  M K  —  K03(J)(J)HU,HeHT,  paBHBIH  1  TJiaflKOTO  TpyHTO- 
boto  OTKOca,  0,77  -  ana  OTKOca  H3  KaMeHHoii  HaSpocKH,  0,9  -  ana  SeTOHa, 
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0,75-0,80  -  KaMeHHOH  moctoboh;  a  -  yron  HaKJiOHa  OTKOca;  m  -  K03(J)(j)H- 
u,neHT  3ano>KeHHa  OTKOca,  tg  a  =  1/m. 

Bbicoma  eonubi  C  onpejiejnieTCfl  no  (f)opMyjie 

N  =  0, 02081F^  •  LP  ,  (2.3) 

r,ne  W—  CKOpocTB  BeTpa,  m/c;  L  -  fljiHHa  pa3roHa  bojihbi,  m. 

OTMeTKy  rpe6mi  njiOTHHbi  HeoSxoflHMO  npoeKTHpOBaTB  c  yneTOM  CTpon- 
TenBHoro  noflijeMa,  Ha3HanaeMoro  CBepx  onpejiejieHHoro  no  (jiopMyjie  (2.1) 
nnioc  oca^ica  njiOTHHti  (cm.  hhjkc). 

OpneHTHpOBonHbie  3HaneHna  3aji05KeHnn  otkocob  3eMJMHbix  HacbinHBix 
nnoTHH  n3  rjiHHHCTBix  n  nccwanbix  rpyHTOB  npn  Hajinnnn  b  ocHOBaHnn  rpyH- 
tob  c  nponHOCTbK)  He  MeHbmen,  neM  b  Tene  njiOTHHbi,  npnBejieHbi  b  Ta6n.  2.1, 
2.2  (CHhII  3.05.05-84). 


Ta6jiHu,a  2.1 

3HaHeHHfl  sajioaceHHH  otkocob  3eMJiHHbix  HacbinHbix  iijiothh 


BbicoTa  njiOTHHbi,  m 

3ajio>KeHHe  otkocob 

BepxoBoro 

HH30BOTO 

<5 

2, 0-2, 5 

1,5-1,75 

5-10 

2,25-2,75 

1,75-2,25 

10-15 

2, 5-3,0 

2, 0-2, 5 

15-50 

3, 0-4,0 

2, 5-4,0 

>50 

4, 0-5,0 

4, 0-4, 5 

Ta6jiHu,a  2.2 

3Ha»ieHHH  sajioaceHHH  otkocob  HaMbiBHbix  iijiothh 


IljIOTHHa 

r pyil'l  OCHOBaHHB 

3ajio>KeHHe  BepxoBoro 

H  HH30BOTO  OTKOCOB 

HeoflHopoflHaa 

CKajibHaa,  ruioTHaa  rjiHHa 

1:3— 1:4 

OflHopoflHaa  necnaHaa 

nccnaiibiH,  cyiiccnanbiH 

1:3, 5-1:5 

Ha3HaneHHbie  3aji05KeHna  otkocob  npoBepfliOT  pacneTaMH  CTaTHCTnne- 
ckoh  ycTonnnBOCTH  n  b  cnynae  hcoOxoahmocth  yTonmnoT. 


1.2.  3amHTHbie  nOKpblTHH  OTKOCOB  iijiothh 

BepxoBbie  otkocbi  nnoTHH  noflBep>KeHbi  pa3JinnHoro  pojja  chjiobbim  bo3- 
jjencTBHaM,  H3  KOTOpbix  onpejiejiMKDmHMH  aBJi^KDTCM  BOJiHOBbie.  ,Zl,Jia  npejiOT- 
Bpamennji  paspyuienuji  otkocob  npuMenmoT  pasjnnnibie  3annmibie  noKpbiTna, 
HanSojibmee  pacnpocTpaHeHne  nojiynnjin  KaMeHHbie,  SeTOHHbie  n  5Kejie3o6e- 
TOHHbie,  pe>Ke  npnMeHaiOT  accfiajibTOBbie  n  SnonornnecKne.  3th  noKpbiTna, 
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KpOMe  bojihobbix,  3amHmaiOT  ot  nepeMeHHoro  ypOBHa  b  BepxHeM  h  hhjkhcm 
6Becj)ax,  ot  pa3pymeHHa,  ot  bbicokhx  nepena^OB  TeMnepaTyp  Ha  hh30boh  rpa- 
hh  h  rpe6iie  hjiothhbi,  ot  rpaBHTau,HOHHBix  B03fleiiCTBHH,  npeflOTBpamaiOT  HC- 
THpaHHe  HaHOcaMH  oSTexaeMBix  noTOKOB  noBepxHOCTeii  [15]. 

KpenjieHHe  BepxoBoro  OTKOca  hjiothhbi  ^ejiHTca  Ha  ocHOBHoe,  pacnojio- 
JKeHHOe  B  30He  MaKCHMaJIBHO  BOJIHOBBIX  H  JieflOBBIX  B03fleHCTBHH,  H  oSjieTHeH- 
HOe  -  HH5Ke  OCHOBHOTO  KpenjieHHa  (pHC.  2.3). 


Phc.  2.3.  THnw  KpcmiciiMx  BepxoBbix  otkocob  3eMJi»Hbix  iijiothh:  a  -  Ka\icmia>i 
naopocKa;  6  -  jibomiioc  MomeHHe  KaMHeft;  e  -  6eTOHHbie  xlhmkm,  3anojiHeHHbie 
KaMHeM;  2  -  6eTOHHbie  njiHTbi;  d  -  Shojioi  hmcckoc  KpenjieHHe;  e  -  hh30boh  ko- 
Heu,  KpciuiciiHH;  j/c  -  oopauibiH  ([mjibxp  noa  hibom;  1  -  KaMcnnaa  naSpocKa;  2  - 
rpaBHHj  3  -  necHaHO-rpaBHHHaa  CMecb;  4  -  necoic;  5  -  ruinra;  6  -  o6paTHbiH 
(})HJibTp;  7  -  apcna/Kiibic  OTBepcTHs;  8  -  apMaTypa;  9  -  >Kejie3o6eTOHHbiH  tkhJjhk; 

10-  npHrpy3Ka 


BepxHeii  rpaHHpen  ochobhoto  KpenjieHHH,  xaK  npaBHJio,  cjie^yeT  chh- 
TaTB  OTMeTKy  rpeona  hjiothhbi.  npH  3 1 1 an ht e  ji b no m  B03BBimeHHH  rpeona  naa 
pacneTHBiM  ypOBHeM  bo^bi  ochobhoc  KpenjieHHe  3aKaHHHBaiOT  HHace  rpe6mi  Ha 
OTMeTxe  bbicotbi  HaKaTa,  ^ajiee  % o  rpe6mi  ^oboamt  oSjierneHHoe  KpenjieHHe. 

Hh>khioio  rpanimy  ochobhoto  Kpenaemia  caeayeT  na3iiaHaTB,  cniiTaa  ot 
MHHHMaJIBHOTO  ypOBHa  CpaSOTKH  (npH  OnOpO>KHeHHH)  BOflOXpaHHHHIHa. 

KaMeHHoe  Moufemte  bbihojhhhot  oahhohhbim  (pnc.  2.3,  a )  hjih  abohhbim 
MOCTOBBIM  (pHC.  2.3,  6)  H  yKJiaflBIBaiOT  Ha  CJIOH  nOflTOTOBKH  B  BH^e  (J)HJIBTpa 
HJIH  eCTeCTBeHHOH  neCHaHO-TpaBHHHOH  CMeCH. 
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TojimHHa  KaMeHHoro  MOineHna  tM  c  yneTOM  B3BemnBaeMoro  aaBaeHna 
BOflBi,  nonaBinen  npn  HaKaTe  3a  KpenaeHne,  onpeaeaaiOT  no  (J)opMyjie 


IJNyll  +  m2 
(ya  - 1  )m(m  +  2) 


(2.4) 


rae  C  -  BticoTa  bojihbi,  m;  yK  -  cpeaHaa  naoTHOCTb  KaMHa,  t/m3. 

MoHOJiumHbie  jiccji e 3 o 6 e m omiue  Kpemeuun  otkocob  BbinoanaiOT  b  Bone 
ceKu,nn  pa3MepOM  He  6onee  45x45  m  Kaacaaa,  pa3aeaeHHbix  Meacay  co6on  TeM- 
nepaTypHtiMH  nonepewnbiMH  n  ocaaoHiibiMii  npoaoabHbiMH  niBaMH.  Kpenae- 
Hne  otkocob  H3  coopubix  jfcejie3o6emoHHbix  mum  caeayeT  npoeKTHpOBaTb  c 
OMOHoannHBaHneM  nx  b  ceKpnn. 

ToaniHHy  SeTOHHbix  nanT  paccnnTbiBaiOT  no  (J)opMyae  II.A.  IIIaHKHHa: 


8  =  0, IN 


X 


(Ya  ~\)mb 


(2.5) 


rae  X  -  aanm  BoaHbi,  m;  y6  -  cpeaHaa  naoTHOCTb  SeTOHa,  t/m  ;  m  -  3aaoaceHne 
OTKOca;  b  -  pa3Mep  nanTbi  b  HanpaBaeHHH  naaeHna  OTKOca,  m. 

Ha  HeSoabmnx  naoTHHax  npn  bbicotc  BoaHbi  ao  MeTpa  HHoraa  ncnoab- 
3yiOT  buojiozimecKoe  Kpemenue  onmoca  b  BHae  nocaaoK  BaaroaioSuBbix  nopoa 
aepeBbeB  n  KycTapHHKOB  (pnc.  2.3,  d ). 


1.3.  IIpOTHBO^HJlbTpaUHOHHbie  ycTpoficTBa 
rpyHTOBbIX  IUIOTHH 

noa  BanaHneM  Hanopa,  co3aaBaeMoro  naoTHHon,  n  b  CBa3n  c  Boaonpo- 
HnpaeMOCTbK)  rpyHTa  nponcxoaHT  (J)nabTpan,na  Boati  H3  BepxHero  6becj)a  b 
HnacHnn  KaK  nepe3  Teao  naoTHHbi,  TaK  n  nepe3  ocHOBaHne. 

B  Teae  naoTHHbi  B03HHKaeT  (j)HabTpau,HOHHbiH  noTOK,  noaoaceHne  koto- 
poro  CBepxy  orpaHnnnBaeTca  CBoSoaHon  noBepxHOCTbK),  Ha3biBaeMon  denpec- 
cuohhou.  npn  paccMOTpeHnn  naocKoro  noTOKa  nepecenemie  otoh  noBepxHO- 
cth  c  BepTHKaabHon  naocKOCTbK)  npHHaTO  Ha3biBaTb  denpeccuouuou  Kpueou 
nan  Kpueou  denpeccuu. 

cDnabTpan,HOHHbin  noTOK  n  ero  pa3Mepbi  cymecTBeHHO  BanaiOT  Ha  koh- 
CTpyKu,HK)  n  ycaoBna  paSoTbi  naoTHHbi,  TaK  ktk  oto  oSycaaBanBaeT: 

•  noTepn  Boati  H3  BoaoxpaHHnnina; 

•  CHnaceHne  ycTonnnBOCTH  hh30boto  OTKOca  n  Been  naoTHHbi; 

•  o6pa30BaHne  Haaeaen  b  3hmhhh  nepnoa  Ha  hh30bom  OTKOce,  Baexy- 
innx  3a  co6oh  noBbimeHne  KpHBon  aenpeccnn  n  eipe  Soabinee  CHnaceHne  yc- 
tohhhbocth; 
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•  HeoSxOflHMOCTB  BBCfleHHM  B  nJlOTHHy  KOHCTpyKTHBHBIX  3JieMeHTOB, 
yMeHbmaKDmnx  noTepn  boabi  H3  BO^oxpaHHJiHma  h  oSecnenHBaiomHx  opraHH- 
30BaHHBIH  OTBOfl  npOCjDHJIBTpOBaBHieHOI  BOflBI. 

1.3.1.  KoHCTpyKijHH  /ipeHaiKeH 

/Ipena/KH  b  leiYunnibix  miOTHHax  cjiy>xaT  ^Jia  nonH>KenHa  aenpeccHOH- 
HOH  XpHBOH,  npe^OTBpamail  BBIXOfl  (|)HJlBTpaU,HOHHOrO  nOTOKa  Ha  otkoc  h  ot- 
BO^a  npo(J)HJiBTpOBaBHiyK)ca  nepe3  Teno  hjiothhbi  BO^y  b  hhhchhh  6be(f).  Hcxo- 
H3  3a^aH,  BBinojnnieMBix  ^peHa^KOM,  oh  flOJi>xeH  hmctb  ^Be  ochobhbic  Haem: 
npneMHyK)  b  BH^e  Toro  hjih  HHoro  ycTpoiicTBa,  KOTOpoe  oSecnenHBaeT  nocTy- 
njieHHe  (|)HJiBTpau,HOHHoro  noTOxa  H3  Tejia  hjiothhbi,  a  Tax>xe  ee  ocHOBaffiw  h 
npeflOTBpamaeT  cf)HJiBTpau,HOHHBie  fle(jiopMaii,HH,  h  OTBOflumyio,  xoTOpaa 
TpaHcnopmpyeT  n p o cj) m a bt p o b a b lu y i o ca  Boay  3a  npeaejibi  hjiothhbi  [4]. 

^enpeccHOHHaa  KpHBaa  ^ojimia  6bitb  3arjiy6jieHa  othochtcjibho  njioc- 
KOCTH  HH30B0T0  OTKOCa  He  MeHBHie  HCM  Ha  TJiySHHy  npOMep3aHHH. 

Kax  npaBHJio,  seMaanbie  hjiothhbi  ooopyayiOT  apena/xaiviM.  OTcyTCTBHe 
hx  (corjiacHO  CHhIT  2.06.05-84)  /jonycTHMO  b  cjie^yiOHiHx  cjiynanx: 

1)  npH  B03BefleHHH  nJIOTHH  Ha  BOflOnpOHHU,aeMOM  OCHOBaHHH,  B  XOTOpBIX 
flenpeccHOHHaH  noBepxHOCTB  6e3  ycTponcTBa  #peHa>xa  oxa3BiBaeTca  ^ocTaTon- 
ho  y^ajieHHOH  ot  noBepxHoern  hh30boto  OTxoca  h  He  nona^aeT  b  30Hy  npo- 
Mep3aHHn; 

2)  b  hh30boh  hbcth  njiomH  c  sxpaHaMH,  HflpaMH  h  flHacjDpamaMH  npH 
ycjiOBHH  oSecneneHHH  OTBO.ua  npocjDHJiBTpOBaBHieiiCH  bo^bi; 

3)  B  nJIOTHHaX,  HH30BaH  HaCTB  XOTOpBIX  BBinOJIHeHa  H3  XaMeHHOH  Ha6pO- 
cxh  hjih  flpyroro  xpynHOoSjiOMOHHoro  MaTepnajia  (rpaBHHHoro,  rajienHHxoBO- 
ro  h  t.  n.). 

OcHoeHbiMU  koh cm pyKu uhm u  dpena.vceii,  3 a p e k o m e ii a o b a b hi h m h  ceoa  b 
nJIOTHHOCTpOeHHH  (pHC.  2.4),  HBJHHOTCH  [18]: 

•  npena/xnaa  npH3Ma,  ee  Tax>xe  Ha3BiBaiOT  apena>xnBiM  oaiiKCTOM 
(pHC.  2.4,  a); 

•  HacjiOHHBiii  ^peHa>x  (pHC.  2.4,  6)\ 

•  ropH30HTajiBHBiH  TpySnaTBiii  apena>x,  coctohihhh  H3  Tpy6,  yjio>xeHHBix 
napajuiejiBHO  no^OHiBe  OTxoca  hjiothhbi  (pnc.  2.4,  e); 

•  BHyTpeHHHH  xaMeHHBiii  apena>x  -  paanoBH/inocTB  ropH30HTajiBHoro 
TpySnaToro  ^peHa^xa,  b  xotopom  Tpy6bi  3aMeHeHBi  xaMeHHOH  npH3Moii 
(pnc.  2.4,  2)  c  otbo,hom  BOflbi  b  OTBOflimiyio  xaHaBy; 

•  xoM6HHHpOBaHHBie  .upeHami  (pnc.  2.4,  d.  Die). 

/IpenavxnbiH  xojuiexTOp  npoexmpyeTOi  H3  xbmhh,  acSecTopeMeHTHBix 
roHHapHBix  Tpy6  h  jxp. 

/ JpenaDfCHbiii  6aui<em  (pnc.  2.4,  a)  bbihohiihiot  Ha  pycjiOBBix  ynacTxax 
njiomHBi  npH  ee  B03Be,neHHH  6e3  nepeMBinex  h  npH  nepexpBiTHH  pexn  otcbhi- 
XOH  XaMHH  B  BOfly. 
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d 


'\is' 

r//L 

Phc.  2.4.  CxeMbi  ochobhmx  bh^ob  flpeHa^eii:  a,  6  -  b  pycjie  ( a  -  flpeHa>KHbiH 
SamceT;  6  -  naaiomibiH  npcna>K);  a-.iic  -  Ha  6epery  (e  -  ipySMai  biH  npcna>K;  2  - 
ropH30HTajibHbiH  Hpcna>K;  d-jic  -  kom6m 1 1 upoBan 1 1 bic  npciia>Kn);  1  -  apcna/KiibiM 
SamceT;  2  -  noBepxHOCTb  .qenpeccrai;  3  -  oopanibiR  c|) mji bip;  4  -  HacjiOHHbiH 
Hpcna>K;  5  -  ipy6a;  6  -  apcna/Kiiafl  jieHTa;  7  -  OTBOflamas  ipy6a;  8  -  OTBOflamas 
KaHaBa;  df—  MaKCHMajibiiaa  niySuna  npoMcpaaiiMx;  in,  -  K03(J)(})HLi,HeHT  HH30Boro 
OTKOca;  bt  -  HiHpnHa  6a  n  Kara  noBepxHOCTH 
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ITpeBbimeHMe  rpeSroi  apeHanoioro  SamceTa  hs  (npH  otcytctbhh  HacnoH- 
Horo  apeHanca,  pnc.  2.4,  6)  cneayeT  onpeaenaTb  c  3anacoM  Ha  bojihchhc,  BejiH- 
HHHy  KOTOporo  ycTaHaBJiHBaiOT  pacneTOM  (cm.  HHnce),  ho  He  MeHee  0,5  m.  IIIh- 
pHHy  SamceTa  noBepxy  Ha3HanaiOT  He  MeHee  1  m. 

IlpH  conpH/KemiH  Tejia  hjiothhbi  c  apena>KnbiM  SaiiKCTOM  aonncHa  6bitb 
oSecneneHa  (J)HJiBTpau,HOHHaa  npOHHOCTt  conpanceHHa  3a  cneT  ycTpoiiCTBa  06- 
paTHoro  cJ)HJiBTpa  no  BHyrpeHHeMy  OTKoey  oanKCTa. 

HacjioHHbiii  dpenajfc  (pnc.  2.4,  6)  HeoSxoanMO  BbinojiHaTb  Ha  ynacTicax 
njiOTHHti,  nepeKpeniHBaiOHiHx  3aTonjiaeMyio  noiiMy.  TojimHHa  HacjiOHHoro 
apeHanca  c  oSpanibiM  cjiHJibTpOM  aonncHa  6biTb  He  MeHee  BejiHHHHbi 

T=5dss5  +  t$,  (2.6) 

rae  ds 85  -  anaMeTp  Hacrau,,  Macca  KOTOpbix  BMecTe  c  Maccon  6onee  mcjikhx 
cjipaKHHH  cocTaBJiaeT  85  %  Maccbi  rpyHTa  Bcero  apena>Knoro  cnoa;  -  toji- 
niHHa  oSpaTHoro  cjiHJibTpa. 

OSpaTHbiH  (j)HJibTp  -  HecKOJibKO  cnoeB  necBaaibix  rpyHTOB,  yjionceHHbix 
b  nopaaxe  BoapacTanna  KpynHOCTH  nacTHu,  no  HanpaBJieHHio  cj)HJibTpau,HH,  ana 
npeaoxpaHeHHa  3amHmaeMoro  hmh  rpyHTa  ot  (j)HJibTpau,HOHHbix  ae(J)opMau,HH. 
Ochobhbimh  TpeSoBaHHaMH  aBJiaiOTca:  oSecnenemie  HenpoxoanMOCTH  mcjikhx 
nacTHu,  nepe3  nopbi  npHneraiomero  k  HeMy  nepBoro  cnoa  cjiHJibTpa  h  Henpoxo- 
anMOCTH  nacTHu,  Kancaoro  npeatiaymero  cnoa  caMoro  (JiMnbTpa  wepea  nopbi 
cneayiomero,  6onee  KpynHoro. 

npeBbimeHHe  rpeSHa  HacnoHHoro  apeHanca  hs  Haa  MaKCHManbHbiM  ypOB- 
HeM  HHacHero  Obecjia  npHHHMaeTca  (pnc.  2.4,  a),  Kaic  h  a-Jifl  apeHanoioro  6amce- 
Ta  (cm.  Bbirne),  c  yneTOM  BbicoTbi  BbiKJiHHHBaHHa  (|)HJibTpau,HOHHoro  noTOKa  Ha 
hh30boh  otkoc  nnoTHHbi  h  rny6HHbi  npOMep3aHHa. 

Tpydwnibiu  dpenajic  (pnc.  2.4,  e,  e)  cneayeT  npeaycMaTpHBaTb,  Kaic  npa- 
bhjio,  b  Tex  cnynaax,  xoraa  b  HHncHeM  Sbecjie  OTcyTCTByeT  Boaa.  CeneHne  Tpy6 
onpeaenaeTca  rHapaBJinnecKHM  pacneTOM,  ho  aonncHO  Sbitb  He  MeHee  200  mm. 

IlpH  CTpOHTenbCTBe  3eMJiaHbix  HacbinHbix  nnoTHH  Ha  BoaoHacbimeHHbix 
rpyHTax,  b  KOTOpbix  noa  Harpy3KOH  B03HHKaeT  nopOBoe  aaBJieHne,  Hapymaio- 
mee  hpohhoctb  ocHOBaHHa,  pexoMeHayeTca  b  hh30boh  nacra  nnoTHHbi  ycT- 
panBaTb  oopanibie  (jiHJibTpbi. 

Oopanibie  (JiHJibTpbi  cnyncaT  npHeMHoii  wacTbio  apeHaacen,  ohh  3amn- 
maiOT  rpyHT  ocHOBaHna  ot  (J)HJibTpau,HOHHbix  ae(J)opMau,HH  h  oSecnenHBaiOT 
CBoOoanbiH  Bbixoa  (J)HnbTpau,HOHHoro  noTOKa.  BbinojiHaiOT  oOpanibie  (JiHJibTpbi 
H3  HecBa3Horo  ecTecTBeHHoro  hjih  HCKyccTBeHHO  noaoSpamioro  rpyHTa.  ,E(na 
oopanibix  cjiHJibTpOB  Hcnojib3yiOT  necKH,  rpaBenncTbie  h  meoeiniCTbie  rpyHTbi 
H3  TBepatix  h  nnoTHbix  KaMeHHbix  nopoa.  B  nocneaHee  BpeMa  aaa  oSpanioro 
(JiHJibTpa  npHMeHaiOT  HCKyccTBeHHbie  BOJiOKHHCTbie  MaTepnajibi,  H3roTOBJieH- 
Hbie  Ha  ocHOBe  CTeicna  h  6a3anbTa  [8], 
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B  caoax  oSpaTHoro  cj)HaBTpa  He  aonycxaeTca  cyc|xj)03Ma  h  xoaBMaTaac. 
B  OCHOBaHHH,  3aniHHieHHOM  oSpaTHBIM  (jDHJlBTpOM,  a  TaiOKe  b  caoax  caMoro 
4)HJiBTpa  He  £OJi>KHO  6bitb  OTCJioeHHa  rpyHTa  h  KOHTaKTHoro  pa3MBiBa. 

Tojiufuna  Kcotcdozo  cjioh  oopaTiioro  (J)HJiBTpa  ts  aoa>xna  6bitb  He  MeHee 
(7-8)Ab5,  rae  DvX5  -  pa3Mep  HacTim,  Meanne  KOTOpBix  b  (jaiaBTpe  coaep'/XiiTca 
85  %  no  Macce.  H3  ycaoBHH  yaoScTBa  nporoBoacTBa  pa6oT  ToamHHy  xaacaoro 
caoa  cf)HJiBTpa  na3iiaHaiOT  He  MeHee  20-25  cm,  a  npn  yxaaaxe  b  Boay  -  50-70  cm  h 
6ojiee.  B  nocaeaHeM  caynae,  hto6bi  hckjikdhhtb  bo3mo>xhoctb  paccaoeHHa  h 
BBIHOCa  MeJIKHX  HaCTHU,,  K03(J)(J)HU,HeHT  HeOflHOpOAHOCTH  rpyHTOB  flOBOflMT  flO 

P(j)  DS£,q/Ds  1 0  4—5. 

rpaHyjiOMeTpHnecKHH  cocTaB  MaTepnajia  oOpaTiioro  cjaiaBTpa  noaOnpa- 
eTca  c  yneTOM  xapaxTepa  apeinipyeMoro  rpyHTa  h  hmciouhixch  mcctiibix 
4)HJlBTpOBBIX  MaTepHaJIOB.  CocTaB  (})H3BTpa  aOH/XCII  HCKJHOHaTB : 

•  OTCJiaHBaHHe  r HHHHCToro  rpyHTa  Ha  KOHTaicre  c  MaTepnajiOM  cjanBTpa  - 
flJia  nJlOTHH  H3  rJIHHHCTOrO  rpyHTa  HUH  nJlOTHH  Ha  rJIHHHCTOM  OCHOBaHHH; 

•  npOHHKHOBeHHe  nacTHu,  3aniHmaeMoro  rpyHTa  b  nopBi  (jiHaBTpa  Ha 
yaacTxax  Hncxoaamero  (J)HJiBTpau,HOHHoro  noTOxa  -  a aa  njiOTHH  H3  necaaHoro 
rpyHTa; 

•  BBinop  h  B^aBJiKBaHHe  nacTHu,  rpyHTa  b  nopBi  (j)HJiBTpa  -  ana  necna- 
Horo  OCHOBaHHH  Ha  ynacTxax  Bocxoaamero  noTOxa; 

•  pa3MBiB  3aniHHiaeMoro  rpyHTa  Ha  rpaHHpe  c  (J)hjibtpom  -  b  caynae 
c})H3BTpamionnoro  noTOxa,  HanpaBJieHHoro  b^ojib  xoHTaxTa  (xoHTaxTHBiii  pa3MBiB); 

•  OnaCHyiO  flJia  npOHHOCTH  (jDHJIBTpa  Cy(j)(j)03HK)  B  CaMOM  CJIOe  (jDHJlBTpa. 

CocTaB  cf)HJiBTpa  aoaaceH  oSecnenHBaTB  «caM03ajieHHBaHHe»  TpemHH  b 

aape  b  caynae  hx  oSpaaoBanna. 

,Z],aa  njiOTHH  III  h  IV  xjiaccoB  h  BpeMeHHBix  coopyaceHHH  aonycxaeTca 
OTCJiaHBaHHe  CBaanoro  rpyHTa  b  nopax  (J)HJiBTpa  Ha  raySHHy,  He  BJimnomyio  Ha 
ero  npOHHOCTB  (Ha  0,5  do  max,  rae  d0  max  -  m  arc  h  m  aaB  hbi  h  anaMCTp  nop  (jiHJiBTpa). 

MaTepnaji  oopaTiioro  (jiHJiBTpa  ana  njiomH  III  h  IV  xjiaccoB  onpeaeaa- 
eTca  pacneTOM,  a  TOJimHHa  xaacaoro  caoa  no  (j)HJiBTpau,HOHHBiM  ycaoBHaM 
aoaaoia  6bitb  He  MeHee  5ds^,  ho  He  MeHee  0,2  m. 

,Z],aa  ycTponcTBa  oopaniBix  (J)HJiBTpOB  caeayeT  npiiMeiiaTB  ecTecTBeHHBie 
HecBa3HBie  hjih  noaynaeMBie  apoSaeinieM  rpyHTBi  H3  TBepawx  mopo30Ctohxhx 
xaMeHHBix  nopoa,  He  coaepncaniHe  BoaopacTBOpHMBix  coaeii,  h  rpaHyanpOBaH- 
HBie  HiJiaxH. 

1.3.2.  KoHCTpyKUHH  npOTHBO(J)MabTpaiU10HHbIX  yCTpOHCTB 

IIpOTHBO(J)HaBTpau,HOHHBie  ycTponcTBa  MoryT  pacnoaaraTBca  xax  b  Teae, 
Tax  H  B  OCHOBaHHH  naOTHH. 

IIpoTHBO(|)HabTpaiiHOHHbie  ycTpoiicTBa  b  Teae  naoTHHbi.  Ohh  aoaac- 
HBI  6BITB  aOCTaTOHIIO  npOHHBIMH,  ThOxHMH,  aOHrOBeWIIBIMM  H  3XOHOMHHHBIMH. 
KoHCTpyxTHBHO  npOTHBO(J)HaBTpau,HOHHBie  ycTpoiiCTBa  npeacaaBaaiOT  co6oh  ax- 
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panbi,  pacncLiO'/Kemibie  non  samirnibiM  cnoeM  hjih  nenocpencTBenno  Ha  BepxoBOM 
OTKOce,  jih6o  ducKppazMbi  hjih  ndpa,  pacnojio>KeHHbie  b  peHTpanbHOH  Hacra  mio- 
thhbi  b epTHKajibHO  hjih  c  neKOTopbiM  HaKJiOHOM  b  CTOpOHy  nnaoiero  Sbecjia  [15]. 

^Jlfl  npOTHBO(|)HJlbTpaU,HOHHbIX  yCTpOHCTB  npHMeHMKDT  CJiaSOBOflOnpO- 
mmaeMbie  rpyHTbi  (rjiHHHCTbie,  MejiK03epHHCTbie  necKH,  mnnooeTon,  a  Taioice 
Topcj))  hjih  HerpyHTOBbie  MaTepnajibi  (6ctoh,  >Kejie3o6eTOH,  nojiHMepbi,  OHTyM- 
Hbie  MaTepnajibi  h  ap.)  b  BHae  BepxoBoil  hjih  pempajibHOH  npOTHBO(f)HJibTpa- 
u,hohhoh  npH3Mbi,  3KpaHa,  anacjiparMbi,  aa pa,  noHypa,  rnnyma,  ctchkh,  b  tom 
HHCJie  h  co3flaBaeMOH  MeToaoM  «CTeHa  b  rpyHTe»,  u,eMeHTau,HOHHOH  h  apyrnx 
3aBec. 

Ton  Hinny  rpyHTOBoro  3KpaHa  hjih  anpa  hjiothhbi  caeayeT  yBejiHHHBaTb 
CBepxy  bhh3.  MHHHMajibHyio  TOJTHTHHy  3KpaHa  hjih  anpa  noBepxy  naanawaiOT 
He  MeHee  0,8  m,  a  noHH3y  -  Taicyio,  hto6bi  rpaaneHTbi  Hanopa  (J)HJibTpau,HOHHO- 
ro  noTOKa,  npHHHMaeMbie  ana  mnnoSeTona,  rjiHHbi  h  cyrjiHHKa,  ynoBaeTBopn- 
J1H  KpHTepHK)  (j)HJlbTpaU,HOHHOH  npOHHOCTH  TCJia  nJlOTHHbl  [8,  11,  15]. 

PaCHeTbl  (J)HnbTpaiI,HOHHOH  npOHHOCTH  HeoSxOflHMO  BbinOJlHMTb  HCXOfla 
H3  HanSojibHiero  Hanopa,  aeiiCTByiOHiero  Ha  njiOTHHy. 

ITpH  oueiiKe  c[)HJibTpau,HOHHOH  npOHHOCTH  TpeOyeTCH  npOBepHTb  coSaione- 
Hne  cnenyiomero  ycaoBiia: 

J  1st. m  —  J cr.m  ’  (2-7) 

Yn 

rpQ  J est  m  —  fleHCTByKDHIHH  CpeflHHH  Tpa^HCHT  HanOpa  B  paCHeTHOH  oSjiaCTH 
4>HJibTpau,HH;  Jcrm-  KpHTHHecKHH  cpeflHHH  rpaaneHT  Hanopa  (Ta6ji.  2.3);  yn  - 
K03(|)(J)HU,HeHT  Ha^OKHOCTH  nO  OTBCTCTBCHHOCTH  COOpy>KeHHH,  OnpefleJIHCMblH 

no  CHhIT  2.06.01-86  b  3aBHCHMOCTH  ot  KJiacca  coopy>KeHHH  npn  pacneTax  no 
npe^ejibHbiM  coctohhhhm  nepBOH  rpynnbi:  I  -  1,25;  II  -  1,20;  III  -  1,15;  IV  - 
1,10.  npn  pacHCTax  no  npeneabiibiM  coctohhhhm  BTOpoii  rpynnbi  yn  caeayeT 
npHHHMaTb  paBHbIM  1,0. 


Ta6jiHu,a  2.3 

3Ha»ieHHfl  KpHTHHecKHX  cpeaHHX  rpajjHeHTOB  Hanopa  Jcr.m 


TpyHT 

npOTHBO([)HJIbTpaU,HOHHbie  y CTpOHCTBa 

IloHyp 

9k'pan  h  aapo 

Tejio  h  npH3Ma  ruiOTHHbi 

rjIHHa,  IJIHIIOOCTOII 

15 

12 

8-2 

CyraHHOK 

10 

8 

4, 0-1, 5 

Cynecb 

3 

2 

2-1 

IlecoK: 

cpeaHHH 

- 

- 

1 

MeJIKHH 

- 

- 

0,75 
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IlpOBepKy  cf)HJlBTpaU,HOHHOH  npOHHOCTH  TeJia  HJIH  npH3MLI  nJlOTHHBI  H3 
rpyHTOBLix  MaTepnanoB  bbiiiojiimiot  nonepenHoro  npocjiHjni,  Ha3HaneHHoro 
HCXOflU  H3  paCHeTOB  yCTOHHHBOCTH  OTKOCOB. 

B  pe3yJIBTaTe  npOBepKH  (f)HJIbTpail,HOHHOH  npOHHOCTH  yTOHIIHIOT  KOHCT- 
pyKU,HK)  nJlOTHHBI,  B  HaCTHOCTH  MeCTO  nOJIOKeHHH  flpeHa^Ka. 

3HaneHHe  Jcrjn  npHHHMaiOT  B  3aBHCHMOCTH  OT  (])H3HKO-XHMHHeCKHX 
cbohctb  rpyHTa,  npHneM  Sojibinne  3HaneHmi  Ha3HanaiOT  /pin  6onee  nnoTHoro 
rpyHTa. 

IlpH  rnySoKOM  3aneraHHH  Bo^oynopa  cne^yeT  npH  3KpaHe  (aflpe)  npe- 
flycMaTpHBaTB  ycTpoiicTBO  noHypa  hjih  3aBecBi.  IIoHyp,  xax  npaBHJio,  HeoSxo- 
Ahmo  BBinojiroiTB  H3  Toro  >xe  MaTepHana,  hto  h  3KpaH  (a^po). 

,Z],jiHHy  noHypa  cne^yeT  na3nawaTb  b  saBucHMOCTH  ot  aonycniMbix 
4)HJibTpau,HOHHbix  pacxoflOB,  a  Taioxe  ot  ycjiOBHH  Heflonymemni  onacHbix 
4)HJibTpau,HOHHbix  aec})opMauHH  rpyHTa  ocnoBanna  njiOTHHbi. 

IlpOTIlBO(j)IlJlbTpaHlf OHHbie  yCTpOHCTBa  B  OCHOBaHHH  IIJlOTHHbl.  IIo 
KOHCTpyKU,HH  npOTHBO(J)HJlbTpaU,HOHHbIX  yCTpOHCTB  B  OCHOBaHHH  (pHC.  2.5) 
pa3JiHHaiOT  3eMaaiibie  njiOTHHbi  [7]: 


d  e  jfc 

PHC.  2.5.  IIpOTHBO(J)HJIbTpaiI,HOHHbie  yCTpOHCTBa  B  OCHOBaHHH  3CMJIMIIbIX 
njiOTHH:  a  -  3y6;  6  -  'mmok;  e  -  HMa(|)pai  Ma  (cTeHKa);  2  -  3y6  c  nna(|)pai  MOH;  d  - 
HHbeKH,HOHHa»  3aBeca;  e  -  to  ace  BHcanaa;  jic  -  noHyp;  YB  -  ypoBeHb  BOflbi 

•  c  3y6oM  -  rpyHTOBbiM  BbiCTynoM,  He  floxofl^niHM  ff, o  Bo^oynopa 
(pHC.  2.5,  a); 

•  c  3aMKOM  -  rpyHTOBbiM  BbiCTynoM,  npope3aioiHHM  BOflonpOHHpaeMbiH 
cjioh  b  OCHOBaHHH  h  Bpe3aK>mHMCn  b  BO,noynop  (pHC.  2.5,  6); 

•  c  flHacjiparMOH  -  ctchkoh,  npope3aK>meH  BOflonpOHHpaeMbiH  cjioh  oc- 
HOBaHHn  (pHC.  2.5,  e); 

•  c  3y6oM  h  ^HacjiparMOH  -  coneTaHHe,  npH  kotopom  npope3aiOTca  6ojiee 
TJiySoKHe  BOAonpOHHpaeMbie  cjioh  ocHOBamni  (pnc.  2.5,  a); 
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•  C  HHteKIIHOHHOH  3aBeCOH  -  npOTHBO(J)HHbTpail,HOHHOH  CTCHKOH,  o6pa- 
30BaHH0H  b  rpyHTe  ocnoBaiiHH  b  pe3yjiBTaTe  iiariieTaiiini  ueMeimioro  hhh  Ka- 
Koro-JiH6o  flpyroro  Baacymero  (pnc.  2.5,  d); 

•  C  HH'LeKU.HOHHOH  BHCHHeH  3aBeCOH  -  3aBeCOH,  He  flOXOfl^HieH  flO  BOflO- 

ynopa  (pnc.  2.5,  e); 

•  C  nOHypOM  -  r0pH30HTaJIBH0H  «nOCTeJlBK)»  H3  MaJIOBOflOnpOBOflHMBIX 
rpyHTOB,  o6bihho  npHMemieMOH  b  coneTamiH  c  3KpaHOM  (pnc.  2.5,  Dfc). 

npOTHBO(J)HJlBTpaU,HOHHbie  yCTpOHCTBa  B  OCHOBaHHH  3eMHHHbIX  nJlOTHH 
ycTpaHBaiOTca  ^Jia  npeaoTBpameiiiia  onacHoii  cjiMabTpamiM  no  KOHTypy  naoTH- 
hm  c  ee  ocHOBaHneM.  stoh  pean  npepycMaTpHBaiOTca  Mepbi,  3aBHcamHe  ot 
xapaKTepa  h  cocToaHHa  rpyHTOB  ocHOBamia  h  oSecnenHBaiOHiHe  njiOTHoe  npH- 
MbiKaHne  rpyHTa  njiOTHHbi  k  rpyHTy  ociiOBaima. 

1.3.3.  TpeSoBaHHH  k  rpyHTaM 

TpeooBaiiHH  k  rpyHTaM  paa  3eMaaHbix  njiOTHH,  kbk  h  k  CTpOHTejibHbiM 
MaTepnajiaM,  npepbaBaaiOTca  no  nponHOCTH  (xapaKTeproyeTca  cpBHroBbiMH 
noKa3aTeji>iMH  -  yraoM  BHyTpeHHero  TpeHHa  h  cpenaeHHeM),  BopoycToiiHHBO- 
cth  (xapaKTepH3yeTca  CTeneHbK)  pacTBOpHMOCTH  rpyHTa  b  Bope)  h  BoponpOHH- 
paeMOCTH  (xapaKTepH3yeTCH  K03(J)(j)HHHeiIT0M  (J ) H 3 b Tp a H H H ) . 

CoraacHO  CHhIT  2.06.05-84  bhpbi  rpyHTOB  naoTHH  h  OCHOBaHHH,  hx  (Jdh- 
3HKO-XHMHHeCKHe  XapaKTepHCTHKH  HeoSxOflHMO  OnpeaeaHTb  B  COOTBeTCTBHH  c 

TpeSoBafflWMH  TOCT  25100-82*,  CHnn  2.02.02-84  h  CHnn  2.02.04-88  [14, 22]. 

ITo  ycjiOBHaM  pa3Memeiina  rpyHTOB  MO>Kno  BbiaeaiiTb  Tpn  xapaKTepHbie 
nacTH  nonepenHoro  npoifmaa  naoTHHbi: 

•  ocHOBHyio  nacTb,  KOTOpaa  BbinoaHaeT  poab  MaccnBa,  oSecnenHBaiOHie- 
ro  ycTOHHHBOCTb  Bcero  BoponopnopHoro  coopyaceHHa  h  noppepacHBaiomero 
3a^aHHbie  ypOBHH  BepxHero  Sbecjia; 

•  nacTb,  3anaTyio  n p o t m b o cj) Ha  bt p a u h o n n b i m h  ycTpoiiCTBaMH  -  appaMH, 
SKpaHaMH,  noHypaMH,  3aMicaMH,  3y6baMii  h  np.; 

•  nacTb,  3aH3Tyio  ppeHaaceM. 

rpyHTbi  Kaacpoii  H3  3thx  HacTeO  nonepenHoro  npocjaiaa  naoTHHbi  poaac- 
hm  OTBenaTb  paaaHHiibiM  t  p  e  6  o  b  a  1 1  n  a m  ncxoaa  H3  BbinoaiiaeMbix  hmh  sapaw. 

B  OCHOBHOM  npaKTHHeCKH  MO '/KUO  HCn03b30BaTb  BCe  BHflbl  IieCKaabllblX 
rpyHTOB,  a  Taicace  otxopbi  m  eTaa ayprane  ckoh  npOMbimaeHHOCTH  h  TenaoBbix 
3aeKTpocTaHu,HH.  ,E[aa  npOTHBO(J)HabTpaii,HOHHbix  ycTpoilcTB  npHMeHHMbi  Ma- 
a o b oao n po n h uae m bi e  rpyHTbi  (cyranHKH,  raHHbi,  Tope}))  h  HCKyccTBemibie 
rpyHTOBbie  CMecn  (ramiooeTOii),  aaa  ppeHaacefi  -  necBaaibie  rpyHTbi  c  noBbi- 
HieHHBIM  K03(J)(j)HII,HeHTOM  (J)HabTpaiI,HH  (neCKH  pa3HHHHOH  KpynHOCTH,  rpaBHH, 
raabxa,  meOeHb,  necnaHO-rpaBeaHCTbie  CMecn  h  KpynHbie  KaMHn). 

3eMHaHbie  naoTHHbi  BOiBoaaT  Ha  CKaabHbix,  noaycKaabHbix  h  Hecicaab- 
hbix  ocHOBaHHax  npH  ycaoBHH  BcecTOpOHHero  yneTa  cbohctb  caaraioninx  hx 
rpyHTOB.  npH  3aaeraHHH  b  OCHOBaHHH  hhobbix  h  nepeyBaaacHeHHbix  thhhh- 
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CTbIX  rpyHTOB,  B  KOTOpBIX  B03M05KH0  nOUBJiefflie  nOpOBOrO  ^aBJieHHM,  oSyCJiaB- 
jiHBaK>mero  yMeHbineHHe  conpOTHBJiaeMOCTH  c^BHry,  cne^yeT  npe^ycMaTpH- 
BaTt  ero  .upeHHpOBaHHe,  a  Taioice  orpaHHHHBaTb  khtchcmbhoctb  B03Be,nefflni 
nJlOTHHBI.  npH  He3HaHHTeJIBHOH  MOIHHOCTH  TaKHX  rpyHTOB  HX  y^aJHIIOT  H  B03- 
BOflaT  njiOTHHy  Ha  KOpeHHBix  nponiibix  rpyHTax. 

npH  B03BefleHHH  nJlOTHH  Ha  BOflOHenpOHHU,aeMOM  OCHOBaHHH  HeSoJIB- 
hioh  moihhocth,  noflCTHJiaeMOM  cjiocm  BO,nonpOHHu,aeMoro  rpyHTa,  HeoSxo^H- 
MO  OU,eHHTb  yCTOHHHBOCTB  BO^OHenpOHHU,aeMOrO  CJIOa  Ha  Bbinop  H  HCKJHOHHTB 
noaBJieHHe  rpncjiOHOB.  Ecjih  BOfloynopHbiii  cjioh  OKa^KeTca  He^ocTaTOHHO  yc- 
TOHHHBblM,  TO  y  nOflOHIBbl  HH30B0T0  OTKOCa  nJlOTHHBI  yCTpaHBaiOT  BepTHKaJIb- 
hbih  apena>K  hjih  rpyHTOByio  npurpyary,  BnjiOTHyK)  npuMbiKaiomyio  k  miOTH- 
He  co  ctopohm  HHJKHero  6becj)a. 

Ochobhmm  noKa3aTejieM  rpyHTOB  opemcH  bo3mo>khocth  B03Be,neHmi 
H3  hhx  HaMbiBHbix  njiOTHH  aBJiaeTca  hx  rpaHyjiOMeTpHnecKHH  cocTaB.  npH  Ha- 
MbiBe  Hcnojib3yiOT  rpyHTbi  necHaHbie,  rpaBejiHCTO-rajienHbie,  cynecn  h  cyr- 
J1HHKH. 

npe^BapHTejibHO  opeHHBaeTca  npHMeHHMOCTb  KapbepHbix  rpyHTOB  no 
rpa(J)HKy  rpaHyjiOMeTpHnecKoro  cocTaBa,  npHBefleHHoro  Ha  pnc.  2.6.  rpyHTbi 
Ha  3tom  rpacjiHKe  pa3,nejieHbi  Ha  miTb  rpynn,  h  KajK^aa  H3  hhx  mokct  6biTb  hc- 
nonb30BaHa  ^Jia  onpeaeaemibix  throb  hjiothh.  HaMbiBa  oanopoanbix  mio- 
thh  npeflnoHTHTejibHbi  necHaiibie  rpyHTbi  (I  rpynna);  ^Jia  HaMbiBa  neoanopoa- 
hbix  njiOTHH  c  MejiKonecnaHbiM  aapoM  hjih  MejnconecnaHOH  pempajibHOH  30- 
hoh  u,ejiecoo6pa3HO  npHMeroiTb  necnaHbie  h  rpaBHHHbie  rpyHTbi  (II  rpynna). 
Cynecn  (III  rpynna),  cyrjiHHKH  (IV  rpynna),  a  Taioice  rpaBHHHbie  h  raaeniibie 
rpyHTbi  (V  rpynna)  flonycKaeTca  npHMeroiTb  ^Jia  HaMbiBa  hjiothh  npn  cootbct- 
CTByiomeM  TexHHKO- TKOHOMnnecKOM  oSocHOBaHHH.  npn  3tom  cynecn  H  cyr- 
jihhkh  (jieccoBHflHbie  rpyHTbi)  MoryT  6biTb  Hcnojib30BaHbi  ^Jia  HaMbiBa  oano- 
pOflHbix  njiOTHH,  cyrjiHHKH  h  rjiHHbi  -  fljia  HaMbiBa  napa  hjiothh,  a  rpaBHHHbie 
rpyHTbi  -  fljia  HaMbiBa  ynopHbix  npH3M. 


Phc.  2.6.  rpynnw  rpyHTOB,  Hcnojib3yeMbix  j\jih  HaMbiBa  hjiothh 
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Tax  KaK  naMbiBiibie  3eM;iaiibie  nnoTHHbi  oraHnaiOTca  ot  HacbinHbix  tojib- 
ko  cnocoooM  yKJia^KH  rpyHTa,  nonepeHiibni  npocjiHJib  hx  oyaeT  TaKHM  ace,  KaK 
y  HacwnHbix  iijiothh  c  HCKyccTBeHHbiM  yiuiOTHemieM. 

3ajioaceHHe  BepxoBbix  otkocob  npH  hx  (jiopMHpOBaHHH  Ha3HanaiOT  H3  yc- 
JIOBHa  HX  CTaTHHeCKOH  yCTOHHHBOCTH.  KpyTH3Hy  OTKOCOB  HaMbIBHbIX  nJlOTHH  H 
BHfl  KpenjieHHa  Ha3HanaiOT  b  cootbctctbhh  c  TpeSoBamniMH  HacbinHbix 
nJlOTHH,  npH  3TOM  KpyTH3Hy  OTKOCOB  yCTaHaBJIHBaiOT  He  TOJlbKO  c  y H CTO M  KOH- 
CTpyKU,HH  H  BbICOTbl  nJlOTHHbl,  XapaKTepHCTHK  TpyHTOB  ee  TeJia  H  OCHOBaHHa, 
ho  h  c  yneTOM  (J)HJibTpau,HOHHoro  peacHMa,  B03HHKaiomero  b  npopecce  HaMbiBa 
njiOTHHbi,  a  Taxace  OTcyTCTBHa  b  nepnoa  CTpOHTejibCTBa  nocTOHiiiibix  apenaac- 
HblX  yCTpOHCTB. 

CorjiacHO  CHhII  2.06.05-84  cpeaHee  3HaneHHe  yKJiOHa  otkocob  npH 
cboSo^hom  HaMbiBe  necnaHbix  h  rpaBHHHbix  rpyHTOB  h  cpeaHee  3HaneHHe  Kpy- 
TH3Hbi  otkocob  pexoMeHayeTca  npHHHMaTb  no  Ta6n.  2.4. 


TaojiHua  2.4 


CpeaHee  maaeHHe  KpyTH3Hbi  otkocob 


Bna  njiOTHHbi 

rpyHT  OCIIOBailHH 

KpyTH3Ha  OTKOCOB 

OflHopoaHaa  necaaHaa 

IlecHaHbie,  cynecaaHbie 

1:3, 5-1:5 

CTapHHHbie  OTJioaceHHa,  i  op(|),  hji 

1:5— 1:8 

Hcojiiiopojinaa  rpaBHHHO- 
necaaHaa  c  aapoM 

CKaabHbie,  naoTHbie  raHHbi 

1:3— 1:4 

Otkocbi  HaMbiBHbix  njiOTHH  pacnjiacTaHHoro  npocfiHJia,  (}) o p m npyiomneca 
npn  cboSo^hom  pacTeKaHHH  nyjibnbi,  aonycicaeTca  npoeKTHpOBaTb  6e3  Kpen- 
jieHHa  hjih  c  oSjiemeHHbiM  rpaBHHHbiM,  ranenmiKOBbiM  hjih  Shohothhcckhm 
KpenjieHneM. 

Ha  OTKoeax  TaKHx  njiOTHH  npn  iieooxonuMOCTii  n p e a y c m a  t  p  h  b a i o t  no- 
nepenHbie  6yHbi  ana  npeaoTBpameHHa  nepeMemeHHa  rpyHTa  TeneHHaMH  b^ojib 
nJlOTHHbl. 

MHHHMajibHyio  HiHpHHy  rpeona  HaMbiBHoii  nacTH  npocjiHJia  njiOTHHbi 
CTpOHTejibHoro  nepnoaa  Ha3HanaiOT  c  yneTOM  bo3mo>khocth  paSoTbi  rnapo- 
TpaHcnopTHoii  ycTaHOBKH  hjih  apyrnx  cpeacTB  MexaHH3au,HH :  ana  neoanopoa- 
hmx  nnoTHH  c  peHTpajibHoii  30hoh  -  He  MeHee  50  m,  c  aapOM  -  He  MeHee  70  m; 
aJia  oaHopoaHbix  hjiothh  -  He  MeHee  20  m. 

npH  npoeKTHpOBaHHH  apenaaciibix  ycTpoiiCTB  b  Tene  HaMbiBHbix  hjiothh 
HeoSxoaHMO  yaHTbreaTb  B03MoacHOCTb  oaHOBpeMeHHoro  BeaeHHa  paSoTbi  no 
HaMbiBy  Tena  njiOTHHbi  h  no  ycTpoiiCTBy  apeHaaca,  OTaaBaa  npeanonTemie  koh- 
CTpyKpnaM  apeHaaca,  npeacTaBJieHHbiM  Ha  pnc.  2.4,  6 ,  d,  e. 

Ykjioh  OTKOca  npn  HaMbiBe  HHace  ypOBHa  Boati  onpeaenaiOT  no  pacneTy 
B  3aBHCHMOCTH  OT  3epHOBOTO  COCTaBa  rpyHTa.  npeaBapHTeJIbHO  yKJIOH  OTKOca 
MoaceT  6biTb  npnHaT  ot  1:10  ao  1:4,  npnneM  MeHbinne  3HaneHHa  yKJiOHa  co- 
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OTBeTCTByiOT  MejiKHM  necKaM  npn  HajiHHHH  TeneHHa  b  BO^oeMe.  C  yBejnrae- 
HHeM  KpynHOCTH  rpyHTa  h  crnnKemieM  ckopocth  TeneHHa  yKJiOH  OTKOca 
yBenHHHBaeTca. 


1.4.  IIjlOTHHbl  H3  KpynHOOSjlOMOHHbIX  rpyHTOB 

TpeooBaiiHH  k  k p y n n o o 6a o m ohhbi m  rpyHTaM  onpeaejnuoTCH  hx  nojio>Ke- 
HHeM  b  nonepenHOM  npocjiHJie  iijiothhbi  h  ranoM  iijiothhbi. 

1.4.1.  TpeGoBaHHH  k  rpyHTaM.  OnepTaHHH  npoijiMJiH 

HanSojiee  BbicoKHe  TpeOoBamni  npe^bUBJiiHOT  k  KaMHK),  npeflHa3HaneH- 
HOMy  fljia  cyxofi  KJia^KH.  Taxoii  KaMeHb  aoji/Ken  6bitb  npomibiM  h  hmctb  npa- 
BHJibHyK)  nocTeabHyK)  (jiopMy.  IIopHCTOCTb  KaMeHHOH  KJia^KH  He  ^oji>KHa  npe- 
BbimaTb  20-25  %,  H  COOTHOUieHHe  HIHpHHbl  K  TOJHHHHe  flOJHKHO  6bITb  He  MeHee 
flByx,  a  fljiHHbi  k  TOJHHHHe  -  He  6ojiee  Tpex-neTbipex  [3], 

^jia  HaSpocKH  Tax>Ke  Hcnojib3yK)T  ^ocTaTOHHO  npOHHbin  MaTepnaji. 
JlyHHIHM  CHHTaeTCM  pBaHblH  KaMeHb  C  COOTHOHieHHeM  MaKCHMaJIbHOTO  H  MH- 
HHMajibHoro  pa3MepOB  He  6ojiee  Tpex-neTbipex.  3epHOBoii  cocTaB  ^0Ji>KeH  6bitb 
flOCTaTOHHO  o^HOpOflHbiM,  hto6bi  He  npOHexoflHJio  paccjioeHHn  MaTepnajia  npn 
cSpacbiBaHHH  ero  c  bbicotbi  npn  ycTponcTBe  njiOTHH.  B  to  >Ke  BpeMn  ^jm  #oc- 
TH>KeHHa  MaKCHMajibHOH  njiOTHOCTH  yKJia^KH  h  MHHHMajibHbix  SKcnjiyaTapH- 
OHHblX  fle(J)OpMaU,HH  3epHOBOH  COCTaB  flOJHKeH  oSeeneHHBaTb  MHHHMaJIbHyiO 
nOpHCTOCTb.  3epHOBOH  COCTaB  KapbepHOTO  KaMHfl  3aBHCHT  TJiaBHblM  o6pa30M 
OT  npOHHOCTH  H  eCTeCTBCHHOH  TpeiHHHOBaTOCTH  nOpOflbl,  HO  B  H3BCCTHOH  Mepe 
ero  mo>kho  peryjiHpOBaTb  no^SopOM  cnocoSa  B3pbiBamni. 

IIpH  cooTBeTCTByromeM  ynjiOTHeHHH  h  pacnojio>KeHHH  b  nonepenHOM 
npocjiHJie  njiOTHHbi  CTpOHTejibCTBa  MO>KeT  6bitb  Hcnojib30BaH  npaKTHnecKH 
jho6oh  KpynHOoSjiOMOHHbiii  MaTepnaji. 

^jia  KpenjieHHa  otkocob  hjiothh  Hcnojib3yiOT  tojibko  Te  Kpynnoo6.ro- 
MOHHbie  MaTepnajibi,  KOTOpbie  no  CBoen  KpynHOCTH,  npOHHOCTH  h  M0p030CT0H- 
KOCTH  yHOBJieTBOpfllOT  ^eilCTByiOHIHM  HOpMaTHBHbIM  ^OKyMeHTaM  [3], 

CorjiacHO  CHhIT  2.06.05-84  npe^ejibHaa  KpynHOCTb  KpynHOo6jiOMOHHO- 
ro  MaTepnajia,  OTCbinaeMoro  b  Tejio  njiOTHHbi,  h  ero  3epHOBOH  cocTaB  ycTaHaB- 
JlHBaiOTCa  B  3aBHCHMOCTH  OT  KaneCTBa  KaMHn  H  MeTO^a  B03BefleHHa  njiOTHHbi. 
KpynHOCTb  MaTepnajia,  OTCbinaeMoro  nocjioiiHOH  yKJia^Koii,  .nojimia  6biTb  He 
6ojiee  0,75  tojihihhbi  OTCbinaeMoro  cjioh. 

IlpH  yKJia^Ke  MaTepnajia  HH>Ke  noBepxHOcra  bo^bi  K03cj)(J)Hu,HeHT  pa3- 
MarnaeMOCTH  ^0Ji>KeH  6bitb  He  HH5Ke  0,9  ^Jia  H3Bep>KeHHbix  nopo/i  h  0,8  -  ^Jia 
OCa^OHHblX. 

HlHpHHy  rpeOHa  hjiothhbi  Ha^  HITY,  pacnojio>KeHHe  h  napaMeTpbi  6epM 
onpeflejnnoT  H3  Tex  >Ke  cooSpa^KeHnii,  hto  h  ^jih  3eMJWHbix  hjiothh  (cm.  n.  1.1). 
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3ano>KeHHe  BepxoBoro  h  hh30boto  otkocob  iijiothhbi  ycTaHaBJiHBaiOT  c 
nOMOIIIBK)  paCHeTOB  HX  yCTOHHHBOCTH  B  3aBHCHMOCTH  OT  rpyHTOB  OCHOBaHHH  H 
Tena  iijiothhbi.  IIpohhocthoh  xapaKTepHCTHKoii  KpymiooSjiOMOHHBix  rpyHTOB 
hbjihctch  yroji  BHyTpeHHero  TpeHHH,  kotopbih  hcjib3h  cpaBHHTB  c  yrjiOM  ecTe- 
CTBeHHoro  OTKOca.  Ytoji  BHyTpeHHero  TpeHHH  3aBHCHT  ot  hjiothocth  MaTepna- 
Jia,  ero  3epHOBoro  cocTaBa,  npOHHOCTH  OT^ejiBHBix  nacTHu,,  hx  (J)opMBi  h  rnepo- 
XOBaTOCTH  H,  HTO  OCOSeHHO  BaHCHO,  npH  npOHHX  paBHBIX  yCJIOBHHX  OT  fleilCT- 
ByiomHx  Hanpa>KeHHH. 

^JIH  nJIOTHH  pa3JIHHHBIX  THnOB  Ha  HOCTaTOHnO  npOHHBIX  OCIIOBailHHX  3a- 
jiOHceHne  BepxoBoro  m\  h  hh30boto  mi  otkocob  mohcho  opHeHTHpOBOHHO  npH- 
HHMaTB  no  Ta6ji.  2.5. 


Taojimja  2.5 


3ajioaceHHe  otkocob  jjjih  iuiothh  H3  KpynHooSjioMOHHbix  rpyHTOB 


Tun  IUIOTHHbl 

m  ] 

m2 

H3  cyxoft  KaMeHHOH  KJiajIKH 

0,5-0, 7 

0, 6-1,0 

KaMcmio-naSpociibic 

1,2-1, 3 

1,3-1, 4 

KaMeHHO-3eMJiHHbie  c  anpoM 

1, 5-2,0 

1, 3-2,0 

rpaBHHHO(me6eHHCTO)-3eMJIHHbie  C  HHPOM 

2, 0-2, 5 

2, 0-2, 5 

KaMCII  1 IO-3CMJIH 1  IblC  C  3KpaHOM 

2, 0-3,0 

1, 3-2,0 

rpaBHHHO(me6eHHCTO)-3eMJIHHbie  C  3KpaHOM 

2, 5-3, 5 

2, 0-3,0 

^aHHBie  Ta6ji.  2.5  othochtch  k  cpeflHHM  no  bbicotc  3ajio>KeHHHM.  B  pe- 
ajiBHBix  coopynceHHHx  3ajio>KeHHe  otkocob  nacTO  h3mchhiot  no  bbicotc,  flejian 
otkoc  6ojiee  KpynHBiM  y  rpe6mi  h  hcckojibko  6ojiee  nojiorHM  y  nofloniBBi. 

1.4.2.  KoHCTpyKUHH  npOTHBOtJlMJIbTpailllOHHblX  yCTpOHCTB 

IlpOTIIBO(J)MJIbTpaiIMOHHbie  yCTpOHCTBa  B  TeJie  nJIOTHHbl.  npOTHBO- 
(J)HJIBTpai],HOHHBie  yCTpOHCTBa  B  OCHOBaHHH  H3  KpynHO-oSjIOMOHHBIX  TpyHTOB 
BBinojiHaiOT  c  pejiBio  yMeHBHiemni  cf)HJiBTpau,HOHHoro  pacxo,na,  npeflOTBpame- 
HH a  (J)HJIBTpail,HOHHBIX  ^e(|)OpMaU,HH  TpyHTOB  OCHOBaHHH,  CHH5KCHHH  flenpeCCH- 
OHHOH  KpHBOH  npH  oSxO^HOH  (j)HJIBTpaU,HH,  a  TaKHCe  JIHKBHflapHH  fle(J)eKTOB  OC¬ 
HOBaHHH,  OCTaBHIHXCH  HeaaMCHCHHBIMH  B  npOU,eCCe  HHHCeHepHO-reOJIOTHHeCKHX 
H3BICKaHHH.  IIpOTHBO(J)HJIBTpaU,HOHHBie  yCTpOHCTBa  flOJIHCHBI  6bITB  flOCTaTOHHO 
npOHHBIMH,  Th6kHMH,  flOJITOBCHHBIMH  H  3KOHOMHHHBIMH.  KOHCTpyKTHBHO  OHH 
npe^CTaBJiHiOT  co6oii  jih6o  3KpaH,  pacnojiOHceHHBiH  no#  3aniHTHBiM  cjiocm  hjih 
HenocpeflCTBeHHO  Ha  BepxoBOM  otkocc,  jih6o  .HHacjiparMBi  hjih  n^pa,  pacnojio- 
HCeHHBie  B  peHTpaJIBHOH  naCTH  nJIOTHHBI  BepTHKaJIBHO  HJIH  C  HeKOTOpBIM  Ha- 
KJIOHOM  B  CTOpOHy  HH5KHCTO  Sbecjia  [11,  12]. 

Hame  Bcero  ^jih  co3flaHHH  npOTHBO(j)HJiBTpau,HOHHoro  ycTpoiiCTBa  hc- 
nOJIB3yiOT  CBH3HBie  TpyHTBI.  H3  HCTpyHTOBBIX  MaTCpHaJIOB  npHMCHHIOT  6eTOH, 
ac^ajiBToSeTOH  h  rnnyHT. 
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KoHCTpyKu,HH  npoTHBO(J) na bTpauno n n bix  ycTpOHCTB  b  Tene  IIJIOTHH  npH- 
BeaeHbi  b  pa3fl.  1,  n.  1.4,  pnc.  1.6  h  1.7. 

B  SojiBniHHCTBe  caynaeB  H3  HerpyHTOBBix  MarepnaaoB  ycTpaHBaiOT  3K- 
paHBi  H3  SeTOHa. 

EemoHHbie  u  jtcejiejodemoHHbie  dKpanbi  6biBaiOT  Tpex  thiiob:  acecTKne, 
noayacecTKHe  h  rn6KHe. 

)KecmKue  SKpcmu  pa3pe3aiOT  tojibko  t e m n  ep  aTyp  hbi m h  mBaMH  (BepTH- 
KajiBHBiMH),  hx  ycTpaHBaiOT  jihiub  b  Tex  caynaax,  Koraa  aecjiopMaii,HH  iijiothhbi 
He3HaHHTeJIBHBI  (paCnOJIO>KeHHBie  Ha  CKaJIBHOM  OCHOBaHHH  nJlOTHHBI  H3  cyxoii 
KaMeHHoil  KJia^KH,  noayHaSpocHbie  h  HaSpocHbie  hcSojibhioh  bbicotbi  c  noas- 
KpaHOBOH  KJia^KOH). 

TJojiyDKecmKue  SKpanu  aeaaT  BepTHicaabHbiMH  h  r  o  p  m3  o  ii  t  a  a  l  ii  l  i  m  h  tcm- 
nepaTypHO-flec})opMau,HOHHBiMH  niBaMH  nepe3  4-15  m  Ha  ceKu,HH.  Taicne  3Kpa- 
hbi  yKaaabiBaiOT  Ha  BbipaBiiMBaiomiiM  caon  6eTOHa,  o6Ma3aHHbin  oiiTyiviOM,  hto 
flaeT  B03M05KH0CTb  3KpaHy  fle(j)OpMHpOBaTbCa  He3aBHCHMO  OT  OCHOBHOrO  Teaa 
naoTHHbi.  3KpaHbi  3Toro  THna  HaxoaaT  npHMeHeHHe  b  HaSpocHbix  naoTHHax. 

ri&Kiie  jKpaiibi  npeacTaBHfliOT  coooh  aceae3o6eTOHHbie  naHTbi  aainiOM 
ao  10  m,  yaoaceHHbie  b  HecKoabKO  caoeB  c  nepeBa3KOH  hibob,  Meacay  naHTaMH 
yKaaabiBaiOT  6myM.  Taicne  SKpaiibi  MoryT  BoenpHHHMaTb  6e3  noBpeacaeHHH 
3HaaHTeabHbie  ae(jiopMaii,HH  Teaa  naoTHHbi  h  cencMHaecKHe  B03aeiiCTBHa. 

Toamnna  aceae3o6eTOHHoro  3Kpana  b  BepxHeii  nacTH  cocTaBaaeT  20-30  cm, 
a  k  ocHOBaHHK)  yBeaHHHBaeTca  h  aocTHraeT  1  %  bbicotbi  naoTHHbi. 

PaccToainie  Meacay  BepTHKaabHbiMH  TeMnepaTypHbiMH  niBaMH  sthx  sk- 
paHOB  npHHHMaiOT  b  npeaeaax  12-18  cm,  a  Meacay  ropH30HTaabHbiMH  ocaaoa- 
hbimh  Ha3HaaaiOT  nepeMeHHbiM  -  ot  12-20  m  b  BepxHen  aacTH  ao  3-6  m  y  oc- 
HOBaHHa. 

CmajibHbie  3Kpanbi  aScoaiOTHO  BoaoHenpOHHpaeMbi,  oSaaaaiOT  6oab- 
hioh  thOkoctbio,  xoporno  npHcnocaSaHBaiOTca  k  ae(j)opMau,HaM  Teaa  naoTHHbi 
h  MoryT  6bitb  coopyaceHbi  b  kopotkhh  cpox,  ho  BecbMa  aoporn.  ,Z],aa  ycTpoiiCT- 
Ba  TaKHx  3KpaHOB  npHMeHaiOT  CTaabHbie  ancTbi  ToaniHHoii  6-12  mm  no  B03- 
MoacHOCTH  MaKCHMaabHbix  pa3MepOB,  a  Taicace  MCTaa a h h ec k h e  mnyHTbi.  J\w 
npeaoxpaHeHHa  ot  K0pp03HH  noBepxHOCTb  aicpaHa  noKpbiBaiOT  3aniHTHbiMH 
SMyabcnaMH  nan  KpacicaMH  an6o  npnivienaiOT  HepacaBeiomyio  CTaab. 

/Jua(j)pa2Mbi  H3  HerpyHTOBBix  MaTcpnaaoB  hmciot  orpaniiHennoe  npH¬ 
MeHeHHe. 

IIpOTHBO(J)HabTpaii,HOHHbie  aaeMeHTbi  ycTpaHBaiOT  H3  rpyHTOBbix  MaTe- 
pnaaoB,  aaa  coaaanna  KOTOpbix  Hcnoab3yiOT  paaaHHiibie  aeaiOBHaabHbie  h 
npoaiOBHaabHbie  MOpeHHbie  OTaoaceHHa,  cocToamne  H3  acecTKoro  ciceaeTa  h 
MeaK03epHHCToro  3anoaHHTeaa  (cynecH,  cyraHHKn),  a  b  HeKOTOpbix  caynaax  h 
raHHbi.  Hcnoab3yeMbie  rpyHTbi  aoaacHbi  6bitb  aocTaTOHiio  Boaonenponimae- 
MbiMH,  aerKO  noaaaBaTbca  ynaoTHeHHio  b  coopyaceHHH.  XoponiHM  MaTepna- 
aoM  aBaaeTca  CMecb  r anHHCToro  rpyHTa  h  KpynH03epHHCToro  MaTepnaaa.  Oc- 
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HOBHOe  CBOHCTBO  rJIHHOSeTOHa  3aKJIK)HaeTCa  B  B03M05XH0CTH  nyreM  no^Sopa 
ero  cocTaBa  peryjiHpOBaTB  b  H3BecTHOH  CTeneHH  ero  aecjiopMaTHBHbie  cboh- 
CTBa  aaa  npHSanaceHHa  hx  k  aecJiopMaTHBHbiM  noxa3aTeaaM  MaTepnaaa 
ynopHBix  npH3M. 

IIpH  nasnaHemiH  Toamwibi  rpyHTOBbix  aaep  h  axpanoB  yaiiTbiBaiOT  axo- 
HOMHnecKHe  cooSpaaceHHa  h  xnHMaTHHecxHe  ycaoBHa,  npHHHMaa  ee  Taxoii, 
hto6bi  rpaaneHT  (j)HJibTpau,HOHHoro  noTOxa  J  Haxoanaca  b  npeaeaax  aByx- 
mecTH. 

rpyHT  yKaaabmaiOT  b  npOTHBO(J)HJibTpau,HOHHbie  ycTpoficTBa  nocaoiiHO 
npH  BJia>KHOCTH,  6nH3XOH  K  OnTHMaJIbHOH,  H  ynJIOTHaiOT  pa3JIHHHbIMH  Mexa- 
HH3MaMH,  name  Bcero  n n e b m o x  arx a m h \  b  iieKOTopbix  cayaaax  rpyHT  OTCbinaiOT 
B  BOfly.  Ot  nJlOTHOCTH  H  BJia>KHOCTH,  C  KOTOpbIMH  yHO>XeH  rpyHT,  3aBHC3T  ero 
4)HJibTpau,HOHHbie  h  npOHHOCTHbie  CBOHCTBa,  a  Taxace  nopOBoe  aaBaemie  h  ae- 
4)OpMaU,HH  B  CTpOHTeJIbHblH  H  3 kc n ay  aTa H M O II II bl H  nepHOflbl. 

B  rpeSHeBOH  nacTH  axpaHOB,  h  oco6eHHO  aape,  noa  BanaHHeM  pa3JiHH- 
hmx  npHHHH  (HepaBHOMepHbie  ocaaxn,  ropH30HTaabHbie  nepeiYiemenna  npH 
KOJieSaHHH  ypOBHa  BepxoBoro  6be(J)a,  cencMHHecKHe  B03aeiiCTBHa)  MoryT  06- 
pa30BbiBaTbca  nonepenHbie,  npoaoabHbie  h  roprooHTaabHbie  TpemHHbi. 
<l)HJibTpau,Ha  no  o6pa30BaBHiHMca  TpemHHaM  h  bbihoc  nacTHu,  rpyHTa  MoryT 
npHBecTH  k  KaTacTpocj)HHecKHM  nocjieflCTBHaM,  noaTOMy  HeoSxoanMO  npeay- 
c MaTpHB aTb  MeponpHaraa,  cmiacaiOHiHe  B03M0>KH0CTb  B03HHKH0BeHHa  TpernnH 
h  HCxaionaiOHiHe  BpeaHbie  nocjie^CTBHa  cf)HabTpau,HH  npn  hx  noaBaeHHH. 

,Z],aa  yMeHbmeHHa  bo3mo>xhocth  TpeniHHOo6pa30BaHHa  npOTHBOijiHabT- 
pauHomibie  aaeiYiembi  ycTpanBaiOT  KpiiBoaHiieHiibiMii  b  naane  c  BbinyKaocTbK) 
b  CTOpOHy  BepxHero  6be(J)a;  b  Bepxneii  nacTH  npOTHBO(J)HabTpau,HOHHbix  aaeivien- 
tob  u,eaecoo6pa3HO  yKaaabmaTb  ooaee  naacTHHHbiii  rpyHT  c  BaaaoiocTbio  Bbime 
onTHMajibHoii,  h  pcKOMenayeTca  Meaaemioe  nanoanenne  BoaoxpanManma. 

^aa  npe^OTBpameHna  bo3mo>xhocth  (j)HabTpau,HOHHbix  ae(jiopMaii,HH 
rpyHTOBbix  aaep  h  arpanoB  Meacay  hhmh  h  ynopHbiMH  npH3MaMH,  xax  npaBH- 
ao,  neoSxoaHMO  ycTpaHBaTb  oopaTiibie  (JmabTpbi.  OopaTiibie  (J)HabTpbi  yxaa- 
abiBaroT  xax  c  BepxoBOH  (oaHH-aBa  caoa),  Tax  h  c  hh30boh  (ao  Tpex  caoeB) 
CTOpOHbi  rpyHTOBbix  aaep  h  axpaHOB. 

IlpHMepbi  coBpeMeHHbix  xaMeHHO-3eMaaHbix  naoTHH  c  paaaMHiibiiviM  th- 
naMH  npOTHBO(|)HabTpau,HOHHbix  ycTpoiiCTB  npHBeaeHbi  Hapnc.  2. 7-2. 9. 

IIpoTHBO(|)HJibTpaii;HOHHbie  ycTpoficTBa  b  ocHOBaHiiii  njioTHHbi. 
famine  ycTpoiicTBa  H3  xpyn nooSaoMoa iibix  rpyHTOB  BbinoaHaiOT  c  ueabio 
yMeHbmeHHa  (JiHabTpapHOHHoro  pacxoaa,  npeaoTBpameHHa  4>HabTpau,HOHHbix 
aecJ)opMau,HH  rpyHTOB  ocHOBaHHa,  CHHaceHna  aenpeccHOHHOH  xpHBoii  npn  06- 
xoaHoii  4)HabTpau,HH. 

KoHCTpyxu,Ha  npOTHBO (J)HabTpau,HOHHoro  ycTpoiicTBa  b  ocHOBaHHH  on- 
peaeaaeTca  THnoM  npOTHBO(J)HabTpau,HOHHoro  ycTpoiicTBa  b  Teae  naoTHHbi  h 
reoaorHnecxHMH  ycaoBHaMH. 
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npH  HaJIHHHH  B  OCHOBaHHH  KOpeHHBIX  nOpOfl  (CKaJIBl)  JIh6o  npH  He3Ha- 
HHTeJIBHOM  CJIOe  HaHOCHBIX  0TJI05KCHHH  H  COnpJDKeHHH  npOTHBO(f)HJIBTpaH,HOH- 
Horo  ycTpoficTBa  b  Tene  iuiothhbi  c  ManonpoHHH,aeMBiM  cicanBHBiM  ocHOBamieM 
jih6o  HecKajiBHBiM,  ecaH  ero  BOflonpOHHpaeMOCTB  He  npeBbimaeT  BO^onpOHH- 
paeMOCTH  npOTHBO(J)HJibTpau,HOHHoro  ycTpoficTBa  b  Tene  nnoTHHBi,  y^ajiaiOT 
cjioh  pacTHTejitHoro  rpyHTa  h  HaHOCHBix  OTnonceHHH  h  3arny6nniOT  tto  ycT- 
pOHCTBO  B  KOpeHHBie  nOpOflBI. 


Hfty  290  31/7 
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Pnc.  2.7.  nonepcMiibiH  npoc|)MJib  c  >mpoM  b  cpc/nicR  naci  n  ruioTHHbi:  1  - 
Kpeiuiemie  KaMHen;  2  -  OTCbinica  Kaxina  H3  H3BecTH»Ka;  3  -  oopauibiR 
(})HJibTp;  4  -  a/ipo  H3  cyranmca;  5  -  cxana;  6  -  SeTOHHaa  npoSica;  7  - 
u,eMeHTaii,HOHHbie  noTepHbi;  8  -  ucMcm  auHomiaa  no  ocHOBaHmo  aapa 

n  ucMcmanHomiaa  3aBeca 


Pnc.  2.8.  rfjioi  M i la  c  tohkhm  HaKJiOHHbiM  rpyHTOBbiM  anpoM:  1  -  nepe- 
MbiHKa;  2  -  rpaBCJiHC'io-iajiCHiibiH  MaTepnan;  3  -  KpenneHne  OTKOca 
KaMHeM;  4  -  iiccHano-rpaBCJiHCi  biH  MaTepnan;  5  -  aapo  H3  rjinHbi;  6  - 
ncivicm  annomiaa  3aBeca;  7  -  ScroinibiH  MaccnB;  8  -  aapo  ncpeMbiHKM 

npH  TpemHHOBaTOM  CKaJIBHOM  OCHOBaHHH  B  KBHeCTBe  npOTHBO (j)HJlBTpa- 
u,hohhbix  MeponpHaTHH  o6bihho  npHMeiHuoT  u,eMeHTau,Hio  (yKpenHTejiBHyK)  h 
rjiySnHHyio)  h  ropa3^o  pence  rjiHHH3au,HK>  hjih  6HTyMH3au,Hio  (pnc.  2.10).  Ilep- 
Byio  ocymecTBjnnoT  no  KOHTypy  npOTHBO(j)HJiBTpau,HOHHoro  ycTpoficTBa  b  Tene 
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njiOTHHti  c  ocHOBaHHeM  Ha  raySHHe  #0  10  m  c  noBepxHOCTH  SeTOHHoro  3y6a 
njiOTHHBi,  H3  u,eMeHTau,HOHHBix  ranepeii  hjih  hitojich  jih6o  c  noBepxHOCTH  kot- 
HOBaHa  rpyHTOBoro  3KpaHa  hjih  aapa.  rjiyominyio  u,eMeHTau,HK),  Tax  >xe  xax  h 
yKpenHTejiBHyio,  ocymecTBjnnoT  c  noBepxHOCTH  KOTJiOBaHa  (pnc.  2.10,  a)  jih6o 
H3  cneu,HajiBHBix  rajiepeil  hjih  hitojich  (pnc.  2.10,  6,  e ).  npHBefleHHBie  Bbirne 
npOTHBO(j)HJIBTpaU,HOHHE.ie  yCTpOHCTBa  npHMeHUIOT  flJia  BBICOKHX  nJIOTHH  I  H  II 
KJiaccoB  [8], 


Phc.  2.9.  ILiOTHHa  c  3KpaHOM:  1  -  KaMeHHas  HaSpocica;  2  -  (JnnibTpbi  H3 
iiccMaiio-rpaBCJiHCioro  rpyHTa;  3  -  3Kpan  H3  cyrjiHHKa;  4  -  ucMcmauHonnaa 
3aBeca;  5  -  BepxoBaa  nepeMbiHica 


Phc.  2.10.  CxeMbi  ycipoilciBa  HHbeicij,HOHHbix  3aBec  b  ocHOBaHHH  iijioth- 
Hbi:  a  -  HHbeu,HpoBaHHe  c  noBepxHOCTH  3Cmjih  h  h3  hitojibhh  b  HanpaBJie- 
HHH  CBepxy  BHH3  H  CHH3y  BBepx;  6  -  HlIbCHUpOBailHC  H3  IHTOJieH  H  rajiepeH 
CBepxy  BHH3;  1  -  CKBa>KHHbI,  npOHJICINIblC  C  noBepxHOCTH;  2  -  CKBa>KHHbI, 
npoHjicmibic  CHH3y  BBepx;  3  -  rpeoeiib  njiOTHHbi;  4  -  nojixojnibic  hitojibhh; 

5  -  paooMHC  niTOJibHH;  6  -  CKBa>KHHbi,  npoHjicniibic  CBepxy  bhh3;  7  -  rajiepea 

IIpH  HaJIHHHH  B  OCHOBaHHH  nJIOTHH  He3HaHHTCJIBHOH  MOIHHOCTH  HaHOC- 
hbix  otjiokchhh  (^0  10-20  m)  hx  oSbihho  nepecexaiOT  3y6oM,  ycipaHBaeMBiM  b 
OTKpBITOM  KOTJIOBaHe  C  BOflOnOHH5KCHHeM.  3y6  M05KCT  OblTB  BBinOJIHCH  H3  6e- 
TOHa  jih6o  H3  rpyHTOBtix  MaTepHajiOB.  Bctohhbih  3y6  ocoOchho  u,ejiecoo6pa3eH 
npH  npOTHBO(j)HJIBTpaU,HOHHE.IX  3JICMCHTaX  B  TCJie  nJIOTHHBI  H3  HerpyHTOBBIX 
MaTepHajiOB,  ho  HHor^a  ero  BBinojironoT  h  b  coneTaHHH  c  rpyHTOBBiM  a^pOM. 
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B  ocHOBaHHH  hjiothhbi  npH  pacnono>KeHHH  KOpeHHtix  nopOA,  3ajieraio- 
mnx  Ha  6ojibhioh  rjiySmie,  name  Bcero  ycTpaHBaiOT  BHcnnyio  HHBeKH,HOHHyio 
3aBecy.  Hhb6ku,hk)  npOH3BOfl«T  c  noBepxHOCTH  B03BeAeHHoro  Ha  BbicoTy  b  He- 
ckojibko  MeTpOB  naA  ocHOBaHHeM  fljia  C03Aaiina  neooxoaHMOH  npnrpy3KH 
rpyHTOBoro  npOTHBO(jiHJiBTpai],HOHHoro  ycTpoficTBa  hjih  H3  noTepH,  pacnojio- 
5KCHHBIX  B  OCHOBaHHH  npOTHBO(j)HJlBTpaU,HOHHOrO  yCTpOHCTBa.  3a  HHbeKU,HOH- 
hoh  3aBecoii  ycTpaHBaiOT  ApeHa>K. 

B  coneTaHHH  c  rpyHTOBBiMH  iKpanaiviii  imoraa  npiiMenaiOT  noHypu  H3  Toro 
>xe  MaTepnana,  annua  KOTOpBix  onpeaejineTca  (J)HJiBTpau,HOHHBiMH  pacneTaMH. 

B  HeKOTOpBix  cjiynaax  noHypBi  ycTpaHBaiOT  b  coHeTaiinii  c  paannHiioro 
poaa  BepTHKaJIBHBIMH  npOTHBO(j)HJlBTpaU,HOHHBIMH  3KpaHaMH  B  OCHOBaHHH. 


1.5.  ConpHJKemie  Tejia  njiOTHHbi  c  SeperaMH 
H  SeTOHHbIMH  COOpy5KeHHHMH 

Co3aaBaeMBiH  THApoy3JiOM  Hanop  OKa3BiBaeT  3HanHTejiBHoe  BJimiHHe  Ha 
rHAporeojiorHHecKHe  ycnoBHn  npHJieraiomHx  TeppHTOpHH.  IToaBeM  ypOBHn 
rpyHTOBBix  boa  npH  OTcyTCTBHH  neoSxoAHMBix  HHnceHepHBix  m e p o n p h a T H H  He- 
peAKO  npHBOAHT  k  HapymeHHK)  ycTOHHHBOCTH  SeperoB,  noATonjieHHio  h  3a6o- 
jianHBaHHK)  Teppac  h  ckjiohob  b  HHrnieM  OBecjie.  KpOMe  cj)HJiBTpaH,HH  noA  co- 
opynceHHeM  B03HHicaeT  Heo6xoAHMan  (j)HJiBTpau,Hn  baojib  ycToeB,  ctch  hijik)30b, 
nJlOTHH  H  ApyrHX  THApOTeXHHHeCKHX  COOpy>KeHHH.  06x0 AHOH  cJ)HnBTpaHHOII- 
hbih  noTOK  0Ka3BiBaeT  AaBJieHHe  Ha  OTACJiBHBie  sjieMeHTBi  coopy>KeHHn,  conpn- 
raKDHiHecn  c  6eperoBBiMH  npHMBncaHHiiMH  h  3eMJWHBiMH  miOTHHaMH.  npH  pac- 
neTe  o6xoahoh  (J)HJiBTpau,HH  npOBOA^T  npOBepKy  o6meii  (jDHJiBTpapHOHHOH 
npOHHOCTH  o6paTHBix  3acBinoK  h  bbixoahbix  rpaAHeHTOB  Ha  rpaHHu,e  c  ApeHa- 
>xeM  hjih  Ha  BBixoAe  HenocpeACTBeHHO  b  hhxchhh  6Becf). 

r pyHTOBBiH  noTOK  b  6eperax  h  oSxoAHan  (j)HJiBTpau,Hii  3a  coopynceHHeM 
HMeiOT  npocTpaHCTBeHHBiii  xapaKTep. 

CHhII  2.06.05-84  npeAycMaTpHBaeT  p «a  MeponpHaTHH  no  conpnnceHHio 
Tena  nnoTHH  Bcex  TunoB  c  oeperaivin,  a  TaioKe  aeMnaiibix  nnoTHii  c  Sctohhbimh 
COOpy'/KeiHHIMH,  KOTOpBie  1 1600X0  AH  MO  yHHTBIBaTB  npH  npOeKTHpOBaHHH. 

HaKJiOHHBie  noBepxHOCTH  SeperoB  b  npeaenax  npo(J)HJin  ripiiMBiKaiiHa 
njiOTHHBi  Heo6xoAHMO  cnjiaHHpOBaTB,  npH  3tom  He  AonycxaiOTcn  HaBHcaioniHe 
ynacTKH  b  npeaenax  npuMBi Kanna  hjiothhbi  h  ycTynoo6pa3HBie  ynacTKH  b  npe- 
Aenax  npHMBiKaHHn  npOTHBO(J)HJiBTpau,HOHHoro  ycTpoficTBa  hjiothhbi.  npH  co- 
npnnceHHH  npOTHBO(f)HJIBTpaH,HOHHBIX  yCTpOHCTB  nJIOTHHBI  C  HaKJIOHHBIMH  He- 
PObhbimh  noBepxHOCTnMH  cxajiBHBix  OeperoB  npeAycMaTpHBaeTcn  noATOTOBica 
noBepxHOCTH  CKajiBi  ot  rpeOini  hjiothhbi  (AApo,  3KpaH)  k  ocHOBaHHio  c  nocTe- 
neHHBiM  ynojio>KeHHeM,  6e3  pe3KHx  nepejiOMOB  h  TexminecKH  oSocHOBamiBiM 
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HaKJiOHOM  SeperoBLix  KOHTaKTOB,  a  Taioxe  cpe3Koii  BBiCTynaiomiix  yiacTKOB 
nOBepXHOCTH  CKaJIBI  H  BBIpaBHHBaHHeM  SeTOHOM  MeCTHBIX  nOHH5KeHHH. 

B  MecTax  conpa>xeHHa  Tejia  hjih  npOTHBO(f)HJiBTpaH,HOHHoro  ycTpoiiCTBa 
hjiothhbi  c  ocHOBaHHeM,  SeperaMH  h  Sctohhbimh  coopyaceHHaMH  Heo6xo,a,HMO 
npe^ycMaTpHBaTB  TmaTeuBHyK)  yKJia^Ky  h  ynaoTiienne  rpyHTa  b6jih3h  no- 
BepxHOCTH  conpH/KeiiHH,  fljia  nero  KonraKTiibiH  cjioh  (tojiihhhoh  2-3  m)  otcbi- 
naeTca  H3  rpyHTa  6onee  njiacTHHHoro  Tejia  njiOTHHbi  hjih  npOTHBO(f)HJiBTpai],H- 
OHHOrO  yCTpOHCTBa. 

IlpH  CTpOHTejibCTBe  Tajibix  njiOTHH  b  paiiOHax  BemiOMepaabix  rpyHTOB 
npH  HeoSxoflHMOCTH  ^onojiHHTejibHO  npeaycMaTpiiBaeTcn  oSorpeB  KOHTaKTHoro 
cjioh  rpyHTa  npOTHBOcjiHJiBTpaiiHOHHoro  ycTpoiiCTBa  hjiothhbi  c  ocHOBaHHeM. 

ConparaiomHe  ycTpoiiCTBa  3eMJiHHbix  njiOTHH  c  Sctohhbimh  h  >xejie3o6e- 
tohhbimh  coopy'/KemiHMH  aoji/Kiibi  oSecneinBaTB: 

•  3amHTy  3eMJiHHOH  njiOTHHbi  ot  pa3MbiBa  bo^oh,  nponycKaeMoii  nepe3 
Bo^ocSpocHbie  coopy>KeHHH; 

•  nJiaBHblH  nO^XOfl  BOflBI  K  BOflOnpHeMHBIM  COOpyiKeHHHM  CO  CTOpOHbl 
BepxHero  6be(J)a  h  njiaBHoe  pacTeKaHHe  noTOica  b  hhhchcm  Sbecjie,  npeflOTBpa- 
maiomee  noflMBiB  Tejia  h  ocHOBaHHa  hjiothhbi. 

^jih  ooecncHcnnH  naae'/Kiioro  npiiMBiKaniiH  Tejia  scnlihiioh  hjiothhbi  k 
SeTOHHOMy  coopy'/KCiiHio  iicoSxojihmo  npeflycMaTpHBaTb  yxjiOH  conparaiouHix 
rpaHeii  3Cmjihhoh  Hacbinn  He  6ojiee  hcm  10:1  [11]. 

ConpHHCeHHe  3eMJIHHOH  njiOTHHbi  C  SeTOHHBIMH  COOpy>KeHHHMH,  npope- 
3aiomHMH  ee  tcjio,  cjie^yeT  ocymecTBJiaTB  ^jih  hjiothh,  hmciohihx  npOTHBO- 
4)HJiBTpau,HOHHbie  ycTpoiiCTBa,  a  fljia  oflHOpOflHBix  njiOTHH  -  b  npe^ejiax  Bep- 
XOBOrO  KJIHHa  H  peHTpaJIBHOH  HaCTH  njiOTHHbi.  ConpHHCeHHe  OCymeCTBJIHeTCH  B 
BH,o,e  flHacjiparMBi,  Bpe3aiOHieHCH  b  3eMJiHHyio  njiOTHHy  (mnyHTOBoro  pa^a,  6e- 
tohhoii  ctchkh  h  ^p.).  ,Z],jiHHy  ^Hacf)parMBi  conpuiKeHHH  onpe^ejiHiOT  Ha  ocho- 
BaHHH  (j)HJIBTpaU,HOHHBIX  paCHCTOB.  IlpH  CTpOHTCJIBCTBC  B  paiiOHax  BCHHOH 
Mep3JiOTBi  KJIHHa  flHacjiparMBi  conpiDKeHHH  ycTaHaBJiHBaeTCH  Taioxe  h  Tenjio- 
TeXHHHeCKHM  paCHCTOM.  ConpH5KCHHe  Tejia  3CMJIHHOH  njiOTHHbi,  HMdOHieil  B 

CBoeM  cocTaBe  COY  (ee30HHO-fleHCTByiomHe  ycTaHOBKH),  c  Sctohhbim  co- 
opy>xeHHeM  ocymecTBJiHeTCH  3aBe,neHHeM  COY  hjiothhbi  b  conparaiOHiHH  yc- 
TOH  SeTOHHOrO  COOpyHCeHHH. 

IlpH  conpH’/KcmiH  ynacTKOB  3Cmjihhoh  hjiothhbi,  bbihojihhcmbix  Hacbin- 
hbim  h  HaMBiBHBiM  cnocoSaMH,  np e/iy CMaTpHBaiOTCH  MeponpHHTHH,  He  flonyc- 
KaiomHe  cocpeflOTOHeHHyio  (|)HJiBTpau,Hio  b  MecTe  conpaaceHmi  h  HepaBHOMep- 
Hyio  oca^xy  Tejia  hjiothhbi  h  ocHOBaHHH. 

IlpH  conpHHceHHH  Tajioii  njiOTHHbi  c  BeHHOMep3JiBiMH  rpyHTaMH  6epero- 
BBIX  npHMBIKaHHH  npOTHBOCj)HJIBTpaU,HOHHOe  yCTpOHCTBO  nJIOTHHBI  3aBOflHTCH 
b  6epera  Ha  rjiySmiy  30hbi  orraHBaHHii  rpyHTOB  SeperoBBix  MaccHBOB  npH 
3KcnjiyaTau,HH  hjiothhbi,  KOTopaa  onpeflejiaeTca  tc n a otc x n h h ec k h m  pacneTOM. 
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1.6.  OSmne  cneaeHHH  no  B03BeaeHHio  njioTHH 


B  3aBncnMOCTH  ot  cnocoSa  npOH3BOflCTBa  pa6oT  pa3JiHHaiOT  3eMJMHBie 
IIJIOTHHBI,  B03B0flHMBie  HaCBIIIHBIM  HJIH  HaMBIBHBIM  MCTOflOM,  IiyTeM  HanpaB- 
JieHHBIX  B3pBIBOB,  a  TaiOKe  OTCBinKOH  B  CTOUHyiO  BO^y  [15,  20], 

HanSojiBrnee  pacnpocTpaHeHHe  hmciot  nacbinHbie  nnomunbi,  jijik  co3- 
flaHHa  KOTOpBix  rpyHT  H3  xapBepa  TpaHcnopTHpyeTca  aBTOManiHHaMH,  CKpene- 
paMH,  Ha  TpaKTOpHBix  npHpenax  h  t.  n.,  a  Ha  MecTe  yxjiaflXH  paBHOMepHO  pa3- 
paBHHBaeTca  h  yrniOTHaeTOi.  Tojimmia  ynjiOTHaeMoro  cjioa  3aBHCHT  ot  Kane- 
CTBa  h  BJia>KHOCTH  rpyHTOB,  MaccBi  h  THna  xaTKa.  Tax,  npH  ynjiOTHeHHH  cyr- 
JlHHKa  TJiaflKHMH  KaTKaMH  TOJTTTTHHy  npHHHMaiOT  20-25  CM,  I  II  I e B M O KaTKO B , 

Macca  KOTOpBix  ^ocTHraeT  26  t,  y b cjihhhb aiOT  ^o  60  cm,  a  ^jib  BnSpOKaTKOB  - 
AO  0, 8-1,0  m. 

HacTHHHO  rpyHT  ynjiOTHaeTca  MexaHH3MaMH,  ynacTByiOHiHMH  b  ero  #oc- 
TaBKe  h  yKJia^Ke,  ho  ^jm  nojiyneHna  hcoOxo^hmoh  hjiothocth  npHMeroiiOT 
KaTKH. 

Bna>KHOCTB  rpyHTa  oxa3BiBaeT  3HanHTejiBHoe  bjihuhhc  Ha  ocjxjieKTHB- 
hoctb  ero  yxaTKH.  Komohkh  (nacTHii,Bi)  cjihhikom  cyxoro  rpyHTa  hmciot  no- 
BBIHieHHBIH  K03(jl(J)HII,HeHT  TpeHHU.  Il03T0My  flJM  C03^aHHa  HeoSxOflHMOH 
njiOTHOCTH  ohh  noTpeSyiOT  SojiBinee  ycnjine,  t.  e.  Sojibhihh  Bee  KaTKa.  Hccy- 
meHHOCTB  rpyHTa  mo>kct  6bitb  aa'/Ke  Taxaa,  Kor/ia  arperaTBi  hbcthh  noa  tjdkc- 
ctbk)  KaTKa  HanHyT  flpoOHTBca  Ha  6onee  MejiKHe,  ho  cnpeccoBBiBaTBca  ohh  6y- 
#yT  3aMeflJieHHO.  ITpH  H3JiHHiHe  noBBimeHHoii  BJiamiocTH  rpyHTa  ero  nopBi 
HaCTHHHO  HJIH  nOJIHOCTBIO  3anOJIHeHBI  BOflOH.  3tO  oSCTOaTeJIBCTBO  TaK>Ke  3a- 
TpyuHneT  npopecc  ynjiOTHeHHH,  Tax  xax,  noMHMO  (j)H3HHecKoro  oracaTHa  bo^bi 
H3  nop,  HeoSxoflHMO  npeoflOJieTB  h  b  3  a  h m oaeiiCTBiie  boabi  c  LiacTimaMH  rpyHTa. 

TaKHM  o6pa30M,  rpyHTBi  ^oji>khbi  hmctb  Kaxyio-To  cpejnnoio  BJiamiocTB, 
npn  KOTOpoii  la/iamiaa  hjiothoctb  Sy^eT  HOCTiiraTBCH  npH  MHHHMajiBHoii  pa- 
6oTe  ynjiOTHaiOHiHx  MexaHH3MOB .  Taxan  BJiamiocTB  Ha3BiBaeTca  onTHMajiBHoii . 
Ee  BejiHHHHa  3aBHCHT  ot  KanecTBa  rpyHTa,  Beca  h  mna  KaTKa.  HanpHMep,  ^Jia 
cyrjiHHKOB,  ynjiOTHaeMBix  mecTHTOHHBiMH  KaTKaMH,  OHa  cocTaBJiaeT  12-16  %. 
npH  SojiBineM  Bece  KaTKa  h  npHMeHeHHH  KaTKOB  Ha  nHeBMOxo^y  hjih  Bn6po- 
KaTKOB  3tot  npopeHT  BJia>KHOCTH  yMeHBinaeTCJi.  Hnor.ua  cjihhikom  cyxoii  rpyHT 
npHXOflHTCa  yBJia>KHKTB. 

KanecTBO  ynaoTiieiiHJi  rpyHTa  KOHTpojinpyeTca  hjih  jiaSopaTOpHBiM  Me- 
TOflOM,  HJIH  nOJieBBIM  nJIOTHOMepOM,  y  KOTOpOTO  HHCJIO  y^apOB  THpH  npH  no- 
rpyjKeHHH  b  yxaTBiBaeMBiH  cjioh  cnepnajiBHoro  niTBipa  h  cpeainia  hjiothoctb 
rpyHTa  y  CBJHBIBaiOTCH  3aBHCHMOCTBIO,  BBIpa>KeHHOH  rpa(J) H LICC K H  B  BHJie  KpHBOH. 

IlpH  B03BeaeiniM  MajiBix  h  cpeaiiHx  hjiothh  cpeanioio  hjiothoctb  rpyHTa 
npHHHMaiOT  He  MeHee  1,6  t/m  .  Bbicokhc  hjiothhbi  nejiHT  Ha  30hbi  bbicotoh  5-8  m 
h  fljia  xajKfloii  H3  hhx  ycTaHaBJiHBaiOT  cpe^Hioio  njiOTHOCTB  no  KOMnpec- 
CHOHHOH  KpHBOH  C  yHCTOM  flaBJieHHH  BBIHieJIOKaiHHX  CJIOCB. 
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rpyHTBi  b  Teno  nnoTHHBi  yKJiaflBiBaiOT  c  yneTOM  hx  Mexai  i  hhcckhx 
cbohctb.  Bonee  BOfloynopHBie  OTCBinaiOT  Onnnce  k  BOflOxpaHHJiHmy,  a  xynmero 
xanecTBa  -  b  30He  HH30Boro  OTKOca.  3to  3aTpynHHT  npOHHKHOBemie  cf)HJiBTpa- 
h,hohhoto  noTOKa  b  Teno  iijiothhbi  h  Sy^eT  cnocoScTBOBaTB  BBixo^y  boabi  H3 
npe^enoB  ee  hh30boh  nacTH. 

CymHOCTB  HdMbietiozo  cnocoda  coctoht  b  tom,  hto  rpyHT  H3  xapBepa  k 
MecTy  yKJia^KH  b  Teno  nnoTHHBi  ^ocTaBnneTcn  c  noMomBio  boabi  [19]. 

,E(nn  HaMBiBa  3eMnnHBix  nnoTHH  npHMemnoT  rHflpOMexammpnio,  t.  e. 
MexaHH3HpOBaHHBiil  cnoco6  n po h 3 BoncTBa  sexinHiiBix  pa6oT,  npH  kotopom  pa3pa- 
6oTKa  rpyHTa,  ero  nepeMemeHHe  h  yrcna^Ka  oeymecTBJunoTCfl  npn  no  mo  lhm  boabi. 

PaannwaiOT  noa  cnocoSa  pa3pa6oTKH  rpyHTOB  npH  ronpoMexaiiHsamiH:  rnn- 
pOMOHHTOpHBiil  h  3eMnecocHBiH  (pHC.  2.11).  npH  zudpoMOHumopnoM  cnocode 
pa3pa6oTKa  rpyHTOB  ocymecTBnneTcn  nyTeM  pa3MBiBa  cyxoro  3a6on  moihhoh 
KOMnaKTHOH  Bonanoil  crpyeH,  b b 1 6 p ac b i b ae m o il  H3  ranpoMOiinTopoB  (pnc.  2.1 1,  a). 


PhC.  2.1  1.  r HflpOMOHHTOpHblH  (fl)  H  3eMJieCOCHbIH  (6) 
cnocoSbi  pa6oT:  1  -  raflpoMOHHTop;  2  -  3eMJiecoc;  3  - 
nyjibiiOBoa;  4  -  3CMJiccocnbiM  cnapan 


IIpH  3eMJiecocnoM  cnocooe  pa6om  rpyHT  pa3pa6aTBiBaiOT  nyTeM  Heno- 
cpe^CTBeHHoro  BcacBiBaHHn  H3-no#  boabi,  npnneM  ^nn  HHTeHCHc[)HKau,HH  Bca- 
CBiBaHnn  nacTO  npHMeHaiOT  MexamraecKoe  pa3pBixneHne  rpyHTa  (pnc.  2.11,  6). 
npH  THflpOMOHHTOpHOM  -  BOfla  nOfl  3HaHHTenBHBIM  ^aBneHHCM  nOflBOflHTCn  K 
opanncnoHTy  -  rnapoMOiinTopy.  BbiTeKaiomaa  H3  rnnpoMonnTopa  c  SonBiHoir 
CKOpocTBio  (20-70  m/c)  crpyn  bohbi  pa3 m an  n  BaeT  rpyHT.  Pa3MBiTBiH  rpyHT  (nynB- 
na)  CTCKaeT  k  3eMnecocy  h  nepeKanHBaeTcn  hm  no  TpySaM  k  MecTy  yrcnaflKH. 
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3eMJiecocHWH  cnoco6  paooT,  b  otjihhhc  ot  rMapoMonirropnoro,  aaeT  bo3- 
MO>XHOCTb  pa3pa6aTBIBaTB  nOflBOflHBie  3a60H,  HTO  n03B0JI^eT  BBinOJIHflTB  BBieMKy 
BCeB03M05KHBIX  KaHaJIOB  H  KOTJIOBaHOB  6e3  yCTpOHCTBa  nepeMblHCK  H  BOflOOTJIHBa, 
y^ejitHBiH  pacxoa  3aexTpo3HepTHH  npH  HeM  Mem>me,  omaaaeT  neooxoaHMOCTb 
yCTpOHCTBa  HaCOCHbIX  CTaHU,HH  H  BOaOnpOBOanbIX  3 M II H H  flJIH  riHTailHa  THflpOMO- 
HHTOpOB.  HeaocTaTKOM  3eM3ecocHoro  cnocooa  paooT  aBaaeTca  Soabinaa,  hcm 
npH  rHflpOMOHHTOpHOM  Cn0C06e,  3aBHCHMOCTb  OT  TpyHTOBblX  yCHOBHH,  KOT^a  He 
MoaceT  6biTb  cosaana  axBaTOpna  rjw  naaBanna  3eMaecocHbix  cnapaaoB. 

BbICOKaa  3(J)(J)eKTHBHOCTb  THflpOMOHHTOpHblX  paSOT  aBHaeTCa  CJieflCTBH- 
eM  HenpepbiBHOCTH  npopeccoB  h  bo3mo>xhocth  hx  aBTOMaTH3au,HH.  rnapOMO- 
HHTOpHbiH  MeTOfl  npeacTaBaaeT  co6oh  CBoeo6pa3HbiH  KOHBeiiep  h  xapaxTepH- 
3yeTca  Hcno3b30BaHHeM  npocToro  oSopyaoBamia,  HMeiomero  He3HaHHTeabHbiH 
Bee  h  Majiyio  ctohmoctb  (b  npocTeHiHHx  caynaax  Bee  oSopyaoBaHHe  coctoht 
H3  THflpOMOHHTOpa  H  BOflOnpOBOflHbIX  Tpy6),  XaneCTBCHHOH  yKHa^KOH  TpyHTa, 
B03M05XH0CTBK)  (}) p  a  K  H  M  O II M  p O B  a  1 1 M  a  TpyHTOB  B  npOHCCCe  yxaaaXH. 

IToCpeflCTBOM  THflpOMOHHTOpa  B03BefleH0  603bHI0e  XOHHHeCTBO  3eMJia- 
hbix  naoTHH,  Bbinoanena  3acbinKa  na3yx  ruapoTexiiMHecKMx  coopyaceHHH. 

OCHOBHbIM  (J)aKTOpOM,  XapaKTepH3yK)IHHM  3(J)cj)eXTHBHOCTb  npHMeHeHHa 
THflpOMexaHH3aU,HH  3eM33HbIX  paSOT,  aBHaeTCa  y^eHbHblH  pacxofl  BOflbl,  T.  e. 
KOJiHHecTBO  BOflbi,  pacxoayeMoe  Ha  pa3pa6oTKy  h  nepeMemeHHe  1  m3  rpyHTa. 
Y^eabHbiH  pacxoa  Boati  3aBHCHT  ot  TpaHynoMeTpHnecKoro  cocTaBa  rpyHTa, 
BbicoTbi  3a6oa  h  paaa  apyrnx  cjiaxTOpOB  h  xoaeSaeTca  npH  ruapoMOi  1 HTopnoM 
cnocoSe  ot  3  ivf  npH  necKax  ao  1 5-20  xr  npH  Taaceabix  raHHHCTbix  rpyHTax. 

3 

IIpH  3eMaecocHbix  paSoTax  yaeabiibiH  pacxoa  b  cpeaneM  cocTaBaaeT  10  m 
(npH  necKax  -5m,  npH  cyraHHKax  h  rpaBHHHbix  rpyHTax  -  ao  15-16  m  ). 

rpyHT  k  MecTy  yKaaaKH  TpaHcnopTHpyeTca  no  nyabnonpoBoaaM  (noa- 
BoaaniHe  BoaoBoati)  c  HanopOM  ao  60-100  m.  3to  no3BoaaeT  B03BoanTb  aoc- 
TaTOHHO  BbicoKHe  naoTHHbi.  OObihho  HaMbiB  BeaeTca  no  Tax  Ha3biBaeMbiM  xap- 
TaM  -  ynacTKaM  naoTHHbi  co  CTOpOHaMH  100-400  m,  orpaiiHHemibiM  BaaaMH. 
Pa3Boa>imHH  TpySonpOBoa  b  npeaeaax  xapTbi  npnnoaHHMaiOT  Haa  noBepxHO- 
CTBK).  HHoraa  j\jik  sthx  peaeii  Hcnoab3yiOT  aepeBaHHbie  onopu-scmaKadu ,  xo- 
Topbie  nocae  HaMbiBa  ocraBaaiOT  b  Teae  naoTHHbi,  a  ana  caeayiouiHx  no3nu,HH 
TpySonpOBoaa  ycTpaHBaiOT  HOBbie.  IIosTOMy  acTaxaaHbiii  cnoco6  HaMbiBa  Tpe- 
6yeT  mhoto  aecoMaTepnaaoB.  ^aa  coxpameHHa  pacxoaa  aeca  ycneniHO  npHMe- 
HaeTca  apyroii  MeToa.  PaBBoaamne  Tpy6bi  yxaaabiBaiOT  Ha  cnepnaabHO  ycT- 
panBaeMbie  hhx  BaanKH  (aaM6bi).  3tot  cnoco6,  noaynnB hihh  Ha3Bamie 
6e33cmaKadno20 ,  aemeBae  nepBoro,  ho  Hero  HeoSxoanMO  mhoto  Mexa- 
hh3mob,  KOTOpbie  aoa>xnbi  noaroTaBaHBaTb  Baabi  h  nepeMemaTb  TpySonpOBO- 
abi.  Ee33CTaicaaHbiH  HaMbiB  BnepBbie  6bia  ocBoeH  Ha  CTpOHTeabCTBe  MHHrena- 
ypCKoro  rnapoy3aa  c  MOHTaacoM  nyabnoBoaoB  Ha  6biCTpopa3beMHbix  CTbixax  h 
HapamHBaHHeM  hx  c  noMombio  TpySoyxaaanHxoB  6e3  ocTaHOBKH  noTOxa 
nyabnbi.  3to  3HanHTeabHO  ynpocTHao  opraHH3au,Hio  pa6oT. 
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OcHOBHtie  ycnoBJM  npHMeHeHH^i  rHflpOMexaHH3au,HH  -  HajiHHHe  Ha  Mec- 
Te  CTpOHTejiBCTBa  rpyHTa,  npHro^Horo  ^Jia  HaMBiBa,  h  flocTaTOHHoro  xojiHne- 
CTBa  BOflBi  fljia  pa3pa6oTKH  h  TpaHcnopTHpOBKH  rpyHTa  b  Teno  njiOTHHbi. 

JlyHHIHMH  rpyHTBMH  flJHI  HaMBIBHBIX  nJlOTHH  flBJHUOTCfl  HeCBIOHbie  - 
necnaHtie,  necnaHO-rpaBejiHCTbie  h  cynecnaHtie.  B  OTflejiBHtix  cjiynaax,  a  Tax- 
>xe  fljia  HaMBiBa  aapa  hjih  axpaHa  Hcnojib3yiOT  cyrjiHHKH.  CymHHKH  h  rjiHHbi 
HMeiOT  njioxyio  BO^ooTflany,  hto  T0pM03HT  HaMbiB. 

ITo  KOHCTpyKu,HH  nonepeHHoro  npo(J)HJia  HaMbiBHbie  njiOTHHbi  ^ejiaTca 
Ha  o^HOpOflHbie,  c  a^pOM  h  axpaHOM.  3ajio>xeHHe  otkocob  npHMepHO  Taxoe  >xe, 
xax  h  y  HacbinHbix  njiOTHH,  hjih  6ojiee  nojioroe.  IIocjieflHHe  ^Ba  THna  mchxho 
ycTpaHBaTb  b  tom  cjiynae,  ecjin  rpyHT,  H3  xoTOporo  iiaMbiBaeTca  njiOTHHa,  HMe- 
eT  3HaHHTeJIbHyK)  HeOflHOpOflHOCTb,  a  HMCHHO  X03(j)(|)HU,HeHT  HeOflHOpOflHOCTH 


0 
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>  3 ,  r^e  d6 0  h  dw  -  ^HaMeTpbi  nacTHu,,  mm,  Bee  xoTOpbix  BMecTe  c  Be- 
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com  6ojiee  mcjixhx  nacTHu,  cocTaBJiaeT  60  h  10  %  Beca  Bcero  rpyHTa  [7,  23], 

B  3aBHCHMOCTH  ot  pacnojioxeHHa  pa3BO,zpnn,Hx  TpySonpOBO^OB  h,  cjie- 
^OBaTejibHO,  Tonex  BbiSpoca  nyjibnbi  pa3JiHHaiOT  flByxcTOpOHHHH,  o^hocto- 
pOHHHH  H  M03aHHHbIH  Cn0C06bI  HaMbIBa  njiOTHHbi  (pHC.  2.12)  [18]. 


a 
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6 

Phc.  2.12.  OcHOBHbie  cxeMbi  bobbcjiciimh  HaMbiBHbix  iijiothh:  a  - 
JIByCTOpOHHHH  HaMbiB  C  HJipOVi;  6  -  OflHOCTOpOHHHH  HaMbiB;  1  - 

pacnpcjicjiHicjibiibiH  nyjibiiOBOji;  2  -  otkoc  HaMbiBa;  3  -  otctoh- 
Hbift  npy/i;  4  -  rpaiiHua  aji pa;  5  -  jia\i6a  nonyTHoro  ooBajiOBaiiHx; 

6  -  flaMSa  nepBHHHoro  o6BajiOBamia;  7  -  rpannua  npyjjKa 

IIpH  deyxcmopoHHeM  ncuvibiee  pa3BO,zpimHe  TpySonpOBOflbi  Ha  acTaxa^ax 
hjih  pslm6slx  pacnojiaraiOT  b^ojib  o6ohx  otxocob  hjiothhbi,  ycTpaHBaa  BbinycxH 
nepe3  5-10  m  (pHC.  2.12,  a).  CnepHajibHbie  bbjihxh  orpaHHHHBaiOT  pacTexaHHe 
nyjibnbi  b  CTOpOHy  OTxoca,  h  noaTOMy  noTOx  HanpaBJiaeTca  x  och  hjiothhbi. 
IIpH  3tom  npOHCxo^HT  rH,npaBJiHHecxaa  cenapauna  rpyHTa:  xpynHbie  Hacnmbi 
Bbina^aiOT  b6jih3h  otxocob,  a  Mejixne  -  e  bo^oh  ^ocTHraiOT  cpe^Heii  Hacra 
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njiOTHHti.  3aecb  BOfla,  ocBoSoanBinncb  ot  SojiBniHHCTBa  3thx  HaHOCOB,  nepe- 
jiHBaeTca  nepe3  KpOMKy  BepTnxaabHon  BoaocSopHon  maxTbi  n  OTBoanTca  3a 
npeaeabi  naoTHHbi.  BepTnxaabHaa  maxTa  (no  OKOiiHaiiHH  pa6oT  TaMnoHH3npy- 
eTca)  BbinojraaeTca  H3  aepeBaHHbix  bchijob  Tnna  xoaoae3Horo  cpy6a,  Hapainn- 
BaeMbix  no  Mepe  HaMbiBa  njiOTHHbi.  3to  no3BoaaeT  perynnpOBaTb  mySwiy  bo- 
flbi  n  CTeneHb  ee  ocBeTaeHna  b  o6pa30BaBmnxca  3aecb  npyaax-OTCTOHHnxax. 

npn  Taxon  cxeMe  BbinaaeHna  B3Becn  b  cpeaHen  nacTH  naoTHHbi  o6pa3y- 
eTca  aapo  H3  ranHHCTbix  n  nbiaeBaTbix  (jipaxpnn  rpyHTa.  /(a a  noayneHna  Han- 
6oaee  xanecTBeHHoro  aa pa  HeoSxoanMO,  hto6bi  nyabna  H3  o6ohx  nyabnoBO- 
a ob  nocTynaaa  paBHOMepHO  n  HMeaa  oanHaxoBbin  MexaHnnecKnn  cocTaB. 

npn  odnocmopoHHeM  ncuvibiee  n3  paanopoanbix  rpyHTOB  paaBoaaniHH 
nyabnoBoa  pacnoaaraiOT  co  ctopohm  hh30boto  OTKOca  (pnc.  2.12,  6).  B  pe- 
3yabTaTe  nyabna  nepeMeinaeTca  b  CTOpOHy  BepxoBoro  OTKOca.  YcTpanBaeMbie 
3aecb  cjiMabTpyiomiie  aaMSonxn  H3  rpaBna  nan  meona  npeaynpeacaaiOT  naab- 
Henmee  npoabnaceHne  noTOxa  n  cnocoScTByiOT  OTaoaceHnio  Meabnanmnx 
4)paxu,nn,  o6pa3yK>innx  noaoSne  sxpaHa. 

rpyHT  c  xo3(|)(J)nu,neHTOM  HeoaHOpoaHOCTH  MeHee  3  He  no3BoaaeT  noay- 
naTb  b  Teae  naoTHHbi  30hbi  c  nomnxeHHon  BoaonpOHnn,aeMOCTbK).  IIosTOMy  b 
3thx  cayaaax  ycapaiiBaiOT  oaHOpoaHbie  naoraHM,  npHMeHaa  M03auHHbiu  nan 
mopuoebiu  cnocod  naMbiea.  ITpn  M03annH0M  HaMbiBe  (pnc.  2.13)  nyabny  bbi- 
nycxaiOT  H3  aocTaTOHHO  pa3BHTon  ceTH  naTpySxoB  6oaee  nan  MeHee  paBHO- 
MepHO  no  xapTe  HaMbiBa.  ToppoBbin  cnoco6  npHMeHaiOT  npn  6e33CTaxaaHOM 
pacnoao'/xeiiHH  Tpy6,  oSopyaoBamibix  6biCTpopa3beMHbiMH  MycJiTaMM,  hto  no- 
3BoaaeT  MeHaTb  tohxh  BbiSpoca  nyabnbi,  He  npexpainaa  ee  noaann  Ha  xapTy. 


Phc.  2.13.  MoianmibiH  HaMbiB  ruiOTHHbi:  1  - 
iiyjibnoBO^bi;  2  -  pacnpe^cjinicjibiibie  jiotkh; 
3  - aaMSoHKH;  4  -  rpHJi bip;  5  -  KaMcmibin  SanKci 
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npH  IUlMblBe  BCNLlHIIblX  COOpy'/KeilHH  HaCTIIHBI  rpyHTa  nJlOTHO  C  nOMO- 
mbK)  BOflbi  ao'/KaTca  npyr  k  npyry,  oopasya  mohojiht  co  cpenneM  nnoTHOCTbK) 
1,61-1,64  t/m  ,  h  no3TOMy  non on n HTea b no ro  ymiOTHemra  oSbihho  He  TpeSyeTca. 

B  OT^ejibHbix  cjiynaax,  HanpHMep  Ha  CTpOHTejibCTBe  AeyaHCKoii  nnoTH- 
hm,  ^oynjiOTHeHHe  necica,  HaMbiToro  non  Bony,  nporoBonmiocb  c  noMombio 

BH6paU,HOHHbIX  yCTaHOBOK. 

,Z],OCTOHHCTBaMH  HaMbIBHbIX  nJlOTHH  nO  CpaBHCHHK)  C  HaCbinHbIMH  aBJia- 

K)Tca: 

•  SoJIbHiaa  yCTOHHHBOCTb  H3-3a  CBOHCTBeHHOrO  HM  ynJIOTHeHHa  HaMbl- 
BaeMoro  rpyHTa; 

•  MeHbHiaa  noTpeSHOCTb  b  paSonei!  CHJie; 

•  BbicoKHe  TeMnw  yxjianKH  rpyHTa  (ho  300  tbic.  m  /cyr); 

•  B03M05KH0CTB  HaMbIBa  rpyHTa  B  HO>KHJIHBOe  BpeMa  H  M0p03HbIH  ne- 

Phoh; 

•  B03M05KH0CTB  B03BCH6HH3I  nyTCM  HaMbIBa  B  BOfly; 

•  npocTOTa  MexaHH3MOB,  HeT  noTpeSHOCTH  b  Ta>Kejibix  3eMJiepoiiHbix 
cnapanax  h  TpaHcnopTe  ana  nepeB03KH  rpyHTa; 

•  MeHbinaa  ctohmoctb,  ocoSemio  npH  Sojibhihx  oSbeMax  pa6oT  h  caMO- 
TenHOH  nonane  nyjibnbi. 

K  HenocTaTKaM  HaMbiBHbix  njiOTHH  OTHoeaTca:  Sojibhioh  pacxon  3Jieic- 
Tp03HeprnH  npn  nonane  nyjibnbi  no  HanopHbiM  TpySonpOBonaM,  3iiaHHTenbiiaa 
noTpeSHOCTb  b  MeTanne  (Tpy6bi,  jiotkh,  Hacocbi  h  np-)  h  noTpeSHOCTb  b  rpyHTe 
onpeneJieHHoro  xanecTBa  h  Sojibhiom  KOJinnecTBe  bohbi  Ha  MecTe  CTpon- 
TejibCTBa. 

B  CBa3H  c  3thm  HexoTOpoe  pacnpocTpaHeHne  nonynHJiH  hjiothhbi,  otjih- 
Haiouiiieca  ot  hhcto  HaMbiBHbix  TeM,  hto  npn  hx  ycTpoiiCTBe  rpyHT  pa3pa6aTbi- 
BaiOT  H  nOCTaBJiaiOT  K  nJIOTHHe  oSblHHBIMH  MexaHH3MaMH  H  TpaHCnOpTHbIMH 
cpencTBaMH,  a  yKJianbiBaiOT  c  noMombio  rnnpOMOHHTOpOB .  3to  no3BOJiaeT  no- 
nynHTb  KanecTBeHHyio  Hacbinb,  He  Tpeoyiomyio  nonojiHHTejibHoro  ynnoTiiemia. 

Cnoco6  B03BeneHHa  3eMJiaHbix  nnoTHH  omcbutKou  zpymna  e  eody  ocbo- 
eH  b  Hameii  CTpaHe  b  nocneBoeHHbiH  nepnon.  Oh  npHMeHeH  Ha  mhothx  CTpoii- 
xax.  Tax,  OTCbimcoH  rpyHTa  b  Bony  b  anpo  iKpannon  hjiothhbi  HpKyTCKoii  F3C 
yjio>xeHO  okojio  160  tbic.  m  .  Ha  CTpOHTejibCTBe  Bojdkckoh  T3C  b  1958  r.  sthm 
cnocoSoM  6biJia  coopy>KeHa  rjiHromaa  nacTb  noHypa,  npnneM  bmccto  nocnoii- 
hoh  OTCBinKH  c  pa3paBHHBaHHeM  h  ynnoTHeHHeM  rpyHT  OTCbinanH  b  Bony  cpa3y 
Ha  bck)  TOJiniHHy  (2-4  m).  npn  3tom  cnocoSe  nnomanKa,  Ha  KOTOpoii  bo3bo- 
n HTca  nnoTHHa,  BanHKaMH  bbicotoh  ot  0,4-0, 6  no  2  m  pa3nenaeTca  Ha  HeSojib- 
nine  ynacTKH  (xapTbi)  nnomanbio  ot  100  m“  h  6onee.  3th  ynacTKH  Ha  nonoBHHy 
BbicoTBi  BanHKOB  3anojnnnoT  Bonoii,  a  3aTeM  3acbinaiOT  rpyHTOM  ecTecTBeHHoii 
BJia>KHOCTH.  rpyHT  HacbimaeTca  bohoh,  BCJiencTBne  nero  yMeHbinaiOTca  chjibi 
BHyTpeHHero  TpeHna  h  nponcxonuT  ero  caMoynnoTHeHHe  CHanana  no  cpenHeii 

3  3 

nnoTHOCTH,  paBHoii  1,52  t/m  ,  a  3aTeM  no  1,6  t/m  .  3tot  cnoco6  no3BOJiaeT  hc- 
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nojiB30BaTB  caMBie  pa3HOo6pa3HBie  rpyHTBi,  HCKjHonaTB  paSoTy  yruiOTiHuomux 
MexaHH3MOB  [8], 

CymHOCTB  nanpaejieHHoeo  63pbiea  coctoht  b  tom,  hto  npH  B3pBiBe  3a- 
pUflOB  B  OflHOH  HJIH  HCCKOJIBKHX  KyMyjIUTHBHBIX  BBieMKBX  npH  COOTBeTCTByiO- 
meM  BBiSope  hx  (jiopM,  pa3MepOB  h  pacno.Jio>KeHHii  oSecnenHBaeTOi  BBiSpoc 
rpyHTa  b  3a/iannoM  HanpaBJieHHH  b  la/iannyio  nacTB  npocTpaHCTBa. 

C  npHMeHeHHeM  HanpaBJieHHBIX  B3pBIBOB  CTpOflT  IUIOTHHBI  pa3JIHHHBIX 
thiiob:  3eMJi>iHBie,  KaMeHHO-3eMJi3iHBie  h  KaMeHHO-HaSpocHBie. 

06BIHHO  B3pBIBOM  Ha  BBlSpOC  B03B0,ZpiT  OCHOBHOe  TeJIO  nJIOTHHBI,  a  3aTeM 
flOCBinaiOT  npocj)HJiB  npoeKTHBix  OHepTaHHH,  ycTpaHBan  npH  HeoSxoflHMO- 
cth  npoTHBO(j)HJiBTpau,HOHHBie  3JieMeHTBi  h  apena/KM. 

Hanoojiee  6aaronpnxTiiBi  ana  nocTpOHKH  njiOTHH  HanpaBJieHHBiM  B3pBi- 
bom  CTBOpBi  c  KpyTBiMH  SeperaMH,  H3orHyTBiMH  b  njiaHe. 

B  HeKOTOpBix  cjiynaax  HanpaBJieHHBiMH  B3pBiBaMH  bo3bo,hht  coopy>KeHHii 
H3  npe^BapHTejiBHO  CKJia^HpyeMBix  MaTepHajiOB.  ttoto  Ha  Oeperax  peKH 
ycipaHBaiOT  CKJia^Bi  rpyHTa  o6bcmom  Ha  30-50  %  SojiBHie  oSreMa  Tejia  njio- 
THHBI.  B  nOflrOTOBJieHHBIH  TaKHM  06pa30M  TpyHT  3aKJia^BIBaiOT  3apHHBI,  KOTO- 
pBie  M05KH0  B3pBIBaTB  nOCJieflOBaTeJIBHO,  C  HeKOTOpBIM  3aMe^JieHHeM  OTHOCH- 
TejiBHO  apyr  apyra,  hto  no3BOjnieT  yjiomiTB  b  coopy>KeHHe  pa3JiHHHBin  MaTe- 
pnaji  b  rpeSyeMOH  owepeanocTH.  3tot  cnoco6  aopo'/Ke,  hcm  B3pBiB  ecTecTBeHHoro 
MaccHBa  rpyHTa,  ho  3HaHHTejiBHO  coKpaipaeT  cpOKH  crpoHTejiBCTBa  h  ocooemio 
u,enecoo6pa3eH  npH  nepeKpBiTHH  peK  c  6bictpbim  TeneHHeM.  TaKHM  nyreM  6BiJia 
B03Beaena  BepxoBaa  nepeMBiHKa  HypeKCKOH  hjiothhbi  (pnc.  2.14)  [19, 22]. 


PhC.  2.14.  CxeMa  BOBBCJICIIMM  B3pbIBOM  BepXOBOH  lICpCMblMKH  HypeKCKOH  nJIOTHHbl : 
a  -  noncpcMiibiH  pa3pe3  no  CKJiany  Ka\ina;  6  -  noncpcmibiH  npo(|injib  o6pa30BaHHOH 
B3pBiBOM  ncpcMbiMKH;  1  -  nomiopHax  CTeHKa;  2  -  CKJiaa  Kavina;  3  -  6eTOHHbie  ipy6bi 
fljia  pa3MCLHCHHH  ochobhmx  3apa,uoB;  4  -  3ap»flbi  fljia  ^poSjiciiHH  cKajibHoro  6epera; 

5  -  pycjiOBbin  ajiJHOBHH;  6,7,8-  naSpocKa  B3pbiBOM,  cootbctctbchho,  cynecn,  rpaBejiHCTO- 

l  ajicmioi  o  rpyHTa  h  ktimihi 

B03BefleHHe  KaMeHHO-3eMJMHBIX  njiOTHH  HanpaBJieHHBiM  B3pBIBOM  flO- 
nycKaeTca  CHhIT  2.06.05-84  npH  SjiaronpHUTHBix  ^Jia  btoto  MeTO^a  npnpofl- 
hbix  ycjiOBH^x:  b  y3KOM  CTBOpe  (B/h  <  3,  r^e  B  -  mnpHHa  CTBOpa),  npH  CKajiB- 
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HbIX  nopo^ax  SeperOB.  IIpOTHBO(j)HJIbTpaH,HOHHbie  yCTpOHCTBa  3THX  I1J10THH 
BbinojnnnoT  nyTeM  HHteKpHH  pacTBOpa  b  peHTpajibHyio  npH3My,  OTCbimcoH 
BepxoBoii  cjiaSoBOAonpOHHpaeMOH  npH3Mbi  hjih  3KpaHa. 

Bbi6poc  rpyHTa  b  tcjio  iijiothhbi  HanpaBJieHHbiMH  B3pbiBaMH  npOH3BO- 
A HTca  c  OAHoro  hjih  o6ohx  SeperoB,  npnneM  3apaflBi  pacnojiaraiOTca  Bbime 
rpeona  3anpoeKTHpOBaHHOH  hjiothhbi  c  tbkhm  pacneTOM,  htoobi  BbiopoHjennaa 
B3pbiBOM  nopo^a  Jierjia  Ha  HeHapymeHHbie  6opTa. 

Ecjih  fljia  co3flamni  Tejia  njiOTHHbi  Hcnojib3yiOT  CHJibHOBOflonpOHHpae- 
Mbie  rpyHTbi,  to  Ha  ee  BepxoBOM  OTKOce  npoeKTiipyiOT  ycTpoficTBO  (nocjie 
npe^BapHTejibHOH  o6pa6oTKH)  BO^OHenpOHHH,aeMoro  3KpaHa.  B  cjiynaax,  xor^a 
Ha  HH30B0M  OTKOCe  njiOTHHbi  B03M05KH0  B bIKJIHHHB aHHe  ^enpeCCHOHHOH  KpH- 
boh  (liHJibTpapHOHHoro  noTOKa,  npeflycMaTpHBaiOT  ycTpoficTBO  HacjiOHHoro 
flpeHa^Ka.  B  neKOTopbix  cjiynaax  npnivieinuoT  h  apynie  Tiiribi  apena>Knbix  ycT- 
pOHCTB  (flpeHaJKHbie  npH3MbI,  TK)(J)3IKH  HJIH  KOMSHHHpOBaHHbie  flpeHa>KH). 
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r  ji  a  b  a  2 


rH^PABJIHHECKHE  METO^tl 
PACHETA  OHJIbTPAIJHH 
HEPE3  3EMJIHHME  ILJIOTHHbl 

Bonpoc  o  (J)HJitTpau,HH  BOflBi  nepe3  Teno  3eMjniHOH  iuiothhbi  HMeeT 
Sojitmoe  npaKTHnecKoe  3HaneHHe.  <E>HJiLTpau,HOHHWMH  pacneTaMH  onpeaejia- 
K)TC3i:  nojKmeHne  cfMJibTpapHOHHOH  noBepxHOCTH  noTOKa  (^enpeccHOHHOH 
KpHBoii)  b  Tene  njiOTHHBi,  ocHOBaHHH  h  Seperax;  Hanop  (hjih  rpaaneHTbi) 
(jDHJiBTpapnoHHoro  noTOKa  b  Tene  iuiothhbi  h  ocHOBaHHH,  a  Tax>xe  b  MecTax 
Bbixoaa  noToxa  b  apena>xax  h  ap. 

OCHOBOnOJIOJKHHKOM  THflpaBJlHHeCKHX  MCTOflOB  paCHCTa  (J)HJlBTpaU,HH 
nepe3  3eMJi^HBie  iijiothhbi  HBiraeTCfl  axaa.  H.  H.  naBJiOBCXHH.  Hm  pa3pa6oTaHa 

CTpOHHaa  CHCTeMB  TaKHX  paCHCTOB  flJia  pa3JIHHHBIX  K O II CT p y K U. H H  3eNLIHIIBIX 
njiOTHH,  h  pe3yjibTaTbi  pacneTOB  xopomo  cornacyiOTCH  c  iiaTypiibuvni  aamibiMH. 
IIo3TOMy  paccMOTpHM  ocHOBHbie  (J)HJibTpau,HOHHbie  pacneTbi,  BbinojiHeHHbie  no 
MeTO^y  axaa.  H.  H.  IlaBJiOBCKoro  [14]. 

IJ,ejib  c[)HJibTpau,HOHHbix  pacneTOB  cboahtch  k  onpeaejieHHio  nonoxemni 
KpHBOH  ^enpeccnn,  CKOpOCTH  cj)HJlbTpaU,HH  H  nbe30MeTpHHeCXHX  yKJIOHOB  H 
(|)HJibTpau,HOHHbix  pacxo^OB  nepe3  nnoraHy  n  ee  ocHOBaHne  [4], 


2.1.  OcHOBHbie  nojiojKeHHH 
TeOpHH  (J)HJlbTpaU,HH 

OnjibTpau,H3i  BOflbi  b  nopax  rpyHTa  nponcxo^HT  noa  BjnwHHeM  chjibi  th- 
>xecTH  npn  Hajinnnn  pa3HOCTH  HanopOB  Boati  b  OTaejibHbix  Tonxax  noToxa. 
^BH^KeHne  (])HJibTpau,HOHHbix  noTOKOB  no^nnH^eTca  3QKony  ffapcu: 


Q  =  k^I,  (2.8) 

rae  Q  -  pacxoa  Boati;  k§  -  K03(j)(])Hu,HeHT  (|)HJibTpau,HH  rpyHTa;  co  -  nnomaab 
ceneiiHa  noToxa  (BXJironaa  nacTimbi  rpyHTa);  I  -  rnflpaBJinnecxHH  yxnoH  (rpa- 
flneHT)  (|)HJibTpau,HOHHoro  noToxa,  paBHbin  HU  (3aecb  H  -  noTepn  Hanopa  Ha 
an h lie  nyra  cf)HJibTpau,HH  /). 

H3  (J)opMyjibi  (2.8)  cneayeT,  hto  pacxoa  rpyHTOBoro  noToxa  jikhchho  3a- 
bhcht  ot  rpaaneHTa,  hto  b  SojibiHHHCTBe  cjiynaeB  Ha6jnoaaeTCfl  npn  jiaMHHap- 
hom  aBH5xeHHH  Boati  b  nopHCTofi  cpeae. 

3axoH  ,Z],apCH  Bbipa>xaeTCH  Tax>xe  3aBHCHMOCTbK) 

p=V-  (2.9) 
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CxOpOCTb  cj)HJlLTpaU,fflI  MOaCHO,  KpOMe  TOrO,  paCCHHTaTb  no  (|)OpMyjie 

F=0/co,  (2.10) 

rae  V  -  (j)HKTHBHaa  cxopocTb  (jDHJibTpapnn,  OTHeceHHaa  k  nojiHon  nnomaan  ce- 
neHna  noTOKa. 

^encTBHTejibHaa  CKopocTB  TeneHna  Boati  b  nopax  rpyHTa 

V  =  Vim,  (2.11) 

rae  m  -  axTHBHaa  nopncTOCTt  rpyHTa. 

OcHOBaHHBie  Ha  3aKOHe  ,Z],apCH  pememia  3aaan  c[)HJiBTpau,HH  ncnoin.3yiOT 
b  npaKTnnecKHX  pacneTax  ana  ycnoBini  aBH'/Kenna  bohbi  b  necHanbix,  rannn- 
ctbix,  necnaHO-rpaBeancTbix  rpyHTax  n  b  cxajibHbix  nopoaax  c  mchkoh  H30- 
TpOnHOH  Tpem,HHOBaTOCTBK). 

PeacHM  aBH/KeiiHa  bohbi  b  yKa3aHHBix  rpyHTax  npn  pacneTax  rnapOTex- 
HHHeCKHX  COOpyaceHHH  npHHHMaiOT  aaMHHapHBIM,  XOTa  3aecb  B03M0aCHBI  30HbI 
C  SOJIBHIIIMH  HJIH  BCCbMa  MaabIMH  CKOpOCTaMH  TeneHHa,  B  KOTOpbIX  aBHaceHHe 
(J)HHbTpau,HOHHbix  boh  OTXJiOHaeTca  ot  3axoHa  apCH.  OnHaxo  3th  orpamrae- 
HHa  no  pa3MepaM  30hbi  (jDHJibTpaiiHOHHoro  noTOxa  He  OKa3biBaiOT  3aMeTHoro 
BJinaHHa  Ha  HBHaceHHe  bohbi  bo  Been  oSnacTH  <J)HabTpau,HH. 

C  MeToaHKoii  pacneTa  HanopHoii  (])HJibTpaii,HH  b  ocHOBaHHax  nnoTHH  noa 
(J)jnoT6eTaMH  h  oOxoanoH  (JiMabTpamiM  Ha  ynacTxax  conpaaceHHa  rnapOTexHH- 
necKHx  coopyaceHHH  c  SeperaMH  MoacHO  03HaK0MHTbca  b  cnpaBOHHHKe  npoex- 
THpOBHiHKa  «r HapoTexiiMHecKne  coopyaceHHa»  [7,  rn.  4], 

noa  BanaHHeM  Hanopa,  co3naBaeMoro  hjiothhoh,  h  b  CBa3H  c  Boaonpo- 
HHpaeMOCTbK)  rpyHTa  (emopou  3cikoh  MexcmuKu  zpynmoe )  nponcxoanT  (Jihjibt- 
papna  bohbi  H3  BepxHero  Sbecjia  b  HHacHHH  xax  nepe3  Teno  hjiothhbi,  Tax  h  ne- 
pe3  ocHOBaHne  (pnc.  2.15). 


Phc.  2.15.  OnjibipauMH  bohbi  nepea  3eMJiaHyio  ruiOTHHy: 
1  -  aenpeccHOHHaa  xpHBaa;  2  -  Bonoynop 


B  Teae  hjiothhbi  B03HHxaeT  (j)HJiBTpaii,HOHHBiH  noTOx,  nojioaceHHe  xoto- 
poro  CBepxy  orpaHHHHBaeTca  cboSohhoh  noBepxHOCTbio,  Ha3BiBaeMoii  aenpec- 
chohhoh.  npn  paccMOTpeHHH  nnocxoro  noTOxa  nepeceneHne  stoh  noBepxHO- 
CTH  C  BepTHXaJIbHOH  nJIOCXOCTBIO  npHHXTO  Ha3bIBaTb  aenpeCCHOHHOH  XpHBOH 
hjih  xpHBOH  aenpeccHH. 
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cDHJiBTpau,HOHHLie  pacneTBi  npOH3BO,zpiT  c  penBK)  onpe,neneHH5i  nojio>Ke- 
HHH  flenpeCCHOHHOH  KpHBOH  H  yCTaHOBJieHHH  3HaHeHHH  rpa^HeHTOB  H  CKOpO- 
CTeii  cj)HJiBTpau,HOHHoro  noTOKa,  a  TaioKe  pacneTa  (f)HJiBTpaii,HOHHoro  pacxo^a. 
B  cjiynae  hcoOxoahmocth  nepeHHCJieHHBie  napaMeTpBi  onpe^ejiaiOT  He  tojibko 
b  Tejie  njiOTHHBi,  ho  h  b  ee  ocHOBamni  h  6eperax  -  b  30He  .hbh^kchhii  o6xo,zjho- 
ro  (J)HJiBTpau,HOHHoro  noTOKa. 

,Z],jia  npoBeaenna  cf)HJiBTpau,HOHHBix  pacneTOB  npe^BapHTejiBHO  Heo6xo- 
AHMO  yCTaHOBHTB  paCHCTHBIH  nOnepeHHBIH  npO(f)HJlB  COOpy>KeHH5I,  THn  H  no- 
JIO>KeHHe  flpeHaJKHOrO  yCTpOHCTBa,  K03(J)(J)HIl,HeHTBI  (j)HJIBTpaiI,HH  B  OT^eJlBHBIX 
sjieMenrax  Tejia  hjiothhbi  ku  h  ee  ocHOBamui  kocu. 

B  SojiBHiHHCTBe  cjiynaeB  cj)HJiBTpau,HOHHBie  pacneTBi  hocht  BcnoMora- 
TejiBHBiH  xapaKTep  h  HcnojiB3yiOTCJi  npn  pacneTax  y  ctohhhbocth  otkocob  mio- 
thhbi,  npn  pacneTax  (j)HJiBTpaii,HOHHOH  npOHHOCTH  rpyHTOB  Tejia  hjiothhbi,  oc- 
HOBaffiM  h  SeperoB,  a  TaK>xe  oSocHOBaHna  HanSojiee  papHOHajiBHBix  pa3- 
MepOB  KOHCTpyKTHBHBIX  3JieMCHTOB  nJIOTHHBI  (ynOpHBIX  npH3M,  npOTHBO- 
4)HJIBTpan,HOHHBIX  H  flpeHa>KHBIX  yCTpOHCTB).  KpOMe  TOTO,  (J)HJIBTpaU,HOHHBie 
pacneTBi  no3BOjnnoT  yCTaHOBHTB  3HaneHHn  noTepB  boabi  H3  BOflOxpaHHJiHma  Ha 
4)HJIBTpaiI,HK)  H  B  CJiynae  IieoSxOaHMOCTH  HaMeTHTB  Te  Kiln  HHBie  m e p o n p IHI T IHI 
flJM  HX  CIIH’/KeniHI. 

HanSojiBinee  pacnpocTpaHeHHe  hmciot  THflpaBJiHnecKHe  mcto^bi,  b  ko- 
TOpBIX  paCCMaTpHBaeTCn  yCTaHOBHBIHHHCH  (J)HJIBTpail,HOHHBIH  nOTOK  B  yCJIOBH- 
nx  njiocKOH  3aflanH.  rHflpaBJiHnecKHe  pememni  no3BOJWK)T  onpe^ejinTB  nojio- 
>KeHHe  flenpeCCHOHHOH  KpHBOH,  nOflCHHTaTB  (])HJTBTpail,HOHHBIH  paCXOA  H  Cpefl- 
HHe  3HaneHHn  rpa^neHTOB  h  CKOpocTeii  (J)HJiBTpaii,HOHHoro  noTOKa,  KOTOpBiH  h 
Sy^eM  paccMaTpHBaTB  mme. 

B  COOTBeTCTBHH  C  o6lHHM  THflpaBJIHHeCKHM  MCTOflOM  paCHCTa  (JlHJIBTpa- 
u,hh,  pa3pa6oTaHHBiM  H.  H.  IlaBJiOBCKHM  [14],  nonepenHBiH  npocjiHJiB  paccMaT- 
pHBaeMoii  hjiothhbi  pa36nBaiOT  Ha  hcckojibko  (JiparMeHTOB  h  cocTaBJiniOT 
ypaBHeHHn  (jiiiJiBTpaii,HOHHoro  pacxo^a.  ,Z],ajiee  pemaiOT  CHCTeMy  ypaBHeHHH  c 
HecKOJiBKHMH  HeH3BecTHBiMH,  onpeflejnra  napaMeTpBi  (J)HJiBTpau,HOHHoro  noTO- 
Ka  (cf)HJIBTpail,HOHHBIH  paCXOfl,  KOOpflHHaTBI  flenpeCCHOHHOH  KpHBOH,  OpflHHaTy 
BBicaHHBamni). 

npH  npOeKTHpOBaHHH  nJIOTHH  III  H  IV  KJiaCCOB  BBiriOailHIOTCH  caeayio- 
mne  ocHOBHBie  pacneTBi: 

•  cf)HJIBTpaU,HOHHBie; 

•  (j)HJIBTpaiJ,HOHHOH  npOHHOCTH; 

•  oSpaTHBix  (JiHJiBTpOB,  ^peHa^ei!  h  nepexo^HBix  cjiocb; 

•  yCTOHHHBOCTH  OTKOCOB,  3KpaHa  H  3aiHHTHOTO  CJIOH; 

•  OCa^OK  Tejia  njiOTHHBi  H  OCHOBaHHH. 

CorjiacHO  CHhII  2.06-05-84  pacneTBi  HeoSxo^HMO  npOH3BOflHTB  ^jih 
Bcex  xapaKTepHBix  cenemiH  hjiothhbi. 
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2.2.  <I>iiJibTpauHOHHbie  pacneTbi  OAHopo^Hbix  iijiothh 
Ha  BOAOHenpoHHpaeMOM  ociiOBamm 


B  COOTBCTCTBHH  C  MCTOflOM  H.  H.  IlaBJIOBCKOrO  IIOnepeHHBIH  npO(j)HJlB 
iijiothhbi  fleaaT  Ha  TpH  xapaKTepHBie  aacTH  (pnc.  2.16):  BepxHHH  kjihh,  orpa- 
HHHCHHblH  BepXOBBIM  OTKOCOM  H  BepTHKaJIBHO  npOBCflCHHOH  J1HHHCH  Hepe3 
ype3  BepxHero  6be(])a  (ceaeHHe  1-1);  cpe^HioK)  aacTb  Meayiy  BepTHKaabHbiMH 
ceneHHXMH  1-1  h  2-2  (nocae^Hee  npoxo^HT  aepe3  to  nicy  Btixo^a  /jenpeccHOH- 
HOH  KpHBOH  Ha  HH30B0H  OTKOC)  H  HH30B0H  KHHH,  OTpaHHHCHHblH  CCHCHHCM  2-2 
H  HH30BBIM  OTKOCOM. 


Phc.  2.16.  PacHCTiiaH  cxeMa  ana  onpcacjicnna  o6mero  (|)HJibTpaii,HOHHoro 
pacxoaa  wcpca  tcjio  scmjimiioh  iuiOTHHbi 


PacneTHBie  cxeMBi  pa3pa6oTaHBi  ana  naoTHH,  pacnononceHHbix  Ha  Boao- 
HenpOHHpaeMOM  ocHOBaHHH.  BodoHenpommaeMbiM  npmiHTO  CHHTaTB  TaKoe 
OCHOBaHHe,  K03(j)(j)HU,HeHT  (|)HabTpaU,HH  KOTOpOTO  no  CpaBHeHHK)  C  K03(j)(j)HU,H- 
eHTOM  (|)HabTpaH,HH  naoTHHBi  oaeHb  Maa,  hto  MonceT  6bitb  npHpaBHeHHBiM  k 
Hyaio. 


2.2.1.  IlaoTHHa  6e3  apeHaaca  npn  OTcyTCTBMH  bohi>i 
b  HHafHeM  6be^)e 

PacneT  oaHOpoaHoii  naoTHHBi  Ha  BoaoHenpOHHpaeMOM  ocHOBaHHH,  no 
H.  H.  IlaBaoBCKOMy,  BKaionaeT  pemeHne  cneayiomHx  neTbipex  ypaBHeHHH  c 
neTBiptMa  Hen3BecTHBiMH,  nosBonaiomux  onpeaenHTb  yaeabiibifi  (j)HnbTpau,H- 
OHHbiil  pacxoa  q  nepe3  Teao  naoTHHbi,  raySnHy  (j)HnbTpau,HOHHoro  noTOKa  h  b 
CTBOpe  SpOBKH  BepxHero  OTKOca,  npeBbiuieHne  tohkh  Bbixoaa  KpHBOH  aenpec- 
CHH  Ha  HH30B0H  OTKOC  Ha a  ypOBHCM  BOflBI  B  HH5KHCM  6be(|)e  H  npOCKU,HK) 
KpHBOH  ^enpeccHH  b  cpeaHeii  nacra  naoTHHbi  Ha  ocb  a6cu,ncc  S  (npn  Haanann 
Bo^bi  b  HHacHeM  6bec|)e)  [14]: 

qjkn=  C H - h)lmv 2,3  lg  (HJ(Hn- h)\  (2.12) 
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<?„*„  =  [h2  -  (a„  +  ft„)2] /2S,  (2.13) 

qjkn=a()/m]  (1+2,3  lg  (a0  +  h0)  /  a0),  (2.14) 

S=bn+  mi(Hu-ao-ho),  (2.15) 

r^e  kn  -  K03cf)(J)Hu,HeHT  (j)HJiBTpaH,HH  rpyHTa  hjiothhbi,  a  ocTanBHBie  o6o3Hane- 
hh 5i  npHHHMaiOTca  cornacHO  cxeMe  Ha  pnc.  2.16. 

KpHByK)  ^enpeccHH  b  cpe^Heii  nacTH  hjiothhbi  ctpohm  no  ypaBHeHHK) 
(2.13),  3anncaHHOMy  b  o6meM  BH^e  c  3aMeHOH  S  HaXn  (a0  +  ho)  Ha y: 

y2  —  h2  -  2 qn  /  kn  ■  x.  (2.16) 

Och  KOOpflHHaT  pacnojiaraeM  b  stom  cjiynae  tbkhm  o6pa30M,  hto6bi  ko- 
op^HHaTa  npoxo^HJia  nepe3  SpOBicy  BepxoBoro  OTKOca,  a  ocb  a6cu,ncc  -  no  no- 
flOHIBe  nJlOTHHBI. 

npH  OTcyTCTBHH  BOflBi  b  iiH>KneM  OBecjoe  paCHCTIIBie  ypaBHeHHK  HM6IOT 
BHfl  [4] 

qjku  =  C Hn  -  do  -  ho) /mr  2,3  lg  [Hn  /  (Hn  -h)],  (2.1 7) 

qjkn  =  ( h 2  -  cio  )  /  2 S,  (2.18) 

qn/kn=ao/m2,  (2.19) 

S  =  bn  +  m2  (Hn -  ao).  (2.20) 

IIpHpaBHHBaa  npaBBie  nacra  ypaBHeHHH  (2.18)  h  (2.19),  HaxoflHM 


h 


l2a0S 

nu 


+  a'n 


IloflCTaBHB  BBipajKeHne  p, Jia  S  H3  ypaBHeHHH  (2.20),  nojiynHM 

h=  V(2  a0/m2)[bn+m2(Hn-a0)]  +  a2.  (2.21) 

06o3HanHB  npaByK)  nacTB  ypaBHeHHH  (2.21)  nepe3  J\,  3anHmeM  h  —  J\. 
Tor^a  ypaBHeHne  (2.21)  npHMeT  bh^ 

qjkn=  ((Hn  -do-JD/md-  2,3  lg  [Hn  /  (Hn  -  A)]  •  (2.22) 

BBe^eM  coKpameHHoe  o6o3HaneHHe: 

2,31g  [HJ(Hn-JI)\=E,  (2.23) 


Tor/ia 


HJ1H 


qjku  =  (Hu  -d0-  JX)hn ,  •  E. 

rioflCTaBJiM  b  jieByK)  nacTB  (J)opMyjiBi  BBipa^KeHne  H3  (2.19),  HaxoflHM 

ao  hn2  =  (Hn  -d0-JS)  Elm \  (2.24) 

(m\lm2)ao  =  (Hn-do-JX)E.  (2.25) 
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06o3HanHM  neByio  nacTb 


(2.26) 


(mi/m2)  a0  =  Fi(ao), 

a  npaByio  nacTb 

(HB-do-K)E  =  F2(ao).  (2.27) 

3a^aBaacB  3Haneffl«iMH  ao,  pemaeM  ypaBHemia,  ^oSiiBaacb  paBeHCTBa: 

Fi(a0)  =  F2(a0). 

PacHeTbi  jiynme  npOBOflHTb  b  TaSjiHHHOH  tjjopivie  ^jib  paaaHHiibix  snane- 
hhh  a0. 

ITo  nojiyneHHbiM  ^aHHbiM  F\  (ao)  h  F2(ad)  b  3aBHCHMOCTH  ot  ao  ctpohm 
rpacjjHK,  coSmoflaM  o^hh  h  tot  >Ke  MacniTaS  no  ocn  a6cn,ncc  n  ocn  op^HHaT.  H3 
Hanana  KOOp^HHaT  npoBO^HM  jihhhio  no  TonKaM  F\(ad)  n  KpHByK)  no  TonKaM 
F2(a0)  (pnc.  2.17).  H3  tohkh  nepecenemni  npaMon  n  KpHBon  onycKaeM  BepTH- 
Kanb  Ha  ocb  aScpncc  n  HaxoflHM  ncKOMyio  BejinnnHy  ao  (c  yneTOM  npHHKToro 
MacuiTaSa).  PacneT  cjwjibTpapnH  paccMOTpHM  Ha  KOHKpeTHOM  npnMepe. 


Phc.  2.17.  PacneTHaa  cxeMa  4)HJibTpau,HH  nepe3  OflHopoflHyio  naoraHy  6e3  ape- 

Ha>Ka  Ha  B  0  a  0 1 1 C II  p  0 1 1 H 14  a  C  \I  0  M  OCHOBaHHH  H  I  ip  H  OTCyTCTBHH  BOabI  B  IIH/KIICM 
6be(f)e  (a)  h  rpac|)MK  ^jia  onpeaejicnna  a0  (6) 


II  p  h  m  e  p  1.  HeoSxoflHMO  nocTponTb  KpHByio  AenpeccHii  h  onpe^e- 
jiHTB  y/iejibHbiH  (J)HJibTpaH,HOHHbiH  pacxo/i  Tejia  njiOTHHbi  npn  Hn  =  15,0  m; 
bn  =  8,0  m;  m\  =  3,0;  m2  =  2,0;  d0  =  2,5  m;  k„  =  0,0055  M/cyT. 

P  e  hi  e  h  h  e.  ^jih  onpe,o,e.JieHHK  KOOp^HHaT  ^enpeccHOHHOH  kphboh,  ee 
npoeKH,HH  Ha  ropH30HTajibHyK)  ocb  S  h  yuejibHoro  pacxo,na  qn  npe^BapHTejibHO 
Haxo^HM  npeBbimeHHe  tohkh  Bbixo^a  KpHBoii  ^enpeccmi  «0  Ha  hh30boh  otkoc. 
/(jib  coKpameHHK  BbiHHCJieHiiH  npiiHHMaeM  rpa(J)HnecKoe  nocTpoeHHe  .zpra  on- 
peflejieHHK  ao,  Hcnojib3yK  (j)opMyjibi  (2.26)  h  (2.27).  PacneTbi  npeflCTaBiraeM  b 

BH/ie  Ta6jiHH,bi: 
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do 

F\  =  (mx/mi)  cto 

5 

A 

E 

E2  =  (//,[-  do-  20  E 

1 

1,5 

36,0 

6,08 

0,519 

3,32 

2 

3,0 

34,0 

8,49 

0,893 

3,56 

3 

4,5 

32,0 

10,25 

1,032 

2,32 

2,24 

3,36 

33,58 

8,98 

0,820 

3,36 

Ha  OCHOBaHHH  3TOH  Ta6jIHH,bI  CTpOHM  Tpa(J)HK  (CM.  pHC.  2.17,  6)  B  3aBH- 
CHMOCTH  F\  H  F2  OT  (Iq. 

Onpe^ejiMB  no  rpacj)HKy  a0  =  2,24  m,  HaxoflHM  qn,  S,  h. 

2.  BbinncjiaeM  y/iejitHBin  (J)HJiBTpau,HOHHBin  pacxofl  nepe3  nnoTHHy  H3 
(J)opMyjibi  (2.19): 

qn=  kna0/m2  =  0,0055  •  2,24 12  =  0,006  23  m  / cyT  Ha  1  nor.  m  njiOTHHti. 
npoexpHio  flenpeccnoHHon  kphboh  paccnnTbiBaeM  no  (jjopMyjie 
S—  bn  +  m2  (Hn-ao)  =  8  +  2-  15-2  -  2,24  =  33,58  m. 

3.  Onpe^ejiaeM  KOopannaTbi  nenpeccuonnoH  kphboh  no  ypaBHeHHio  (2.16): 

y2  =  h2  -  2  •  qjkn  •  x. 


r^e  h 


l2dgS  2 

-i-u0 


2-2,24-33,58  2  0  nc 

' - 1-2,24  =  8,95  m. 


3a^aBaacb  3HaneHnaMH  x  ot  0  %o  S,  HaxoflHM  KOopflHHaTbi.  PacneTbi 
npeflCTaBJiaeM  b  Bn^e  Ta6jinu,bi: 


Tohkh 

X,  M 

(2qjkn)  x 

y2 

y,  m 

1 

0 

0 

80,0 

8,95 

2 

5,0 

11,5 

68,5 

8,28 

3 

15,0 

34,6 

45,4 

6,74 

4 

25,0 

57,6 

22,4 

4,72 

5 

32,0 

73,5 

6,5 

2,55 

6 

33,58 

75,0 

5,0 

2,24 

Ha  OCHOBaHHH  Ta6jiHu,bi  ctpohm  nonepenHbiH  pa3pe3  hjiothhbi  c  HaHece- 
HneM  flenpeccHOHHOH  kphboh  (cm.  pnc.  2.17,  a). 

4.  Onpe^ejiaeM  cxopocTb  (J)HJibTpau,HH  npn  Bbixo^e  (j)HJibTpan,HOHHoro 
nOTOKa  Ha  HH30BOH  OTKOC  no  3aBHCHMOCTH 


v  BBIX 

r,ne  JRUX  -  yKJiOH  kphboh  ^enpeccHH  npn  Bbixo^e  Ha  hh30boh  otkoc, 
J^=(y5  -y6)  /  (?C6-X5)  =  (2,55  -  2,24)  /  (33,58  -  32)  =  0,0195, 
VBbJX  =  0,0055  •  0,0195  =  0,000  1 1  m/ cyr  =  0,001  28  m/c. 


(2.28) 
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5.  IIpoBepfleM  ycTOHHHBOCTL  rpyHTa  Ha  MexaHHHecKyio  cy(Jxj)03HK)  b  hh- 
30B0M  OTKOCe.  3TOTO  OnpefleJIHM  CKOpOCTB  (J)HJlBTpaU,HH  B  MeCTaX  BBIXO^a 

(J)HJIBTpaU,HOHHBIX  BO#  H  CpaBHHM  ee  C  flOnyCTHMOH  CKOpOCTBK)  flJia  3a^aHHOrO 
rpyHTa.  Cyc}x})03iHi  oyneT  OTcyTCTBOBaTB  npn  VBhm  <  Vcy$,  rre  Vcy$  -  ^onycTH- 
Maa  CKOpOCTB  fljia  rpyHTa  hjiothhbi,  m/c,  BBimicjiennaa  npiiojiM/Kenno  no  cf)op- 
Myjie  M.  M.  rpHHiHHa  [10]: 

Voyi,=  yJk~J- 30,  (2.29) 

r^e  kn  -  K03(J)(J)Hu,HeHT  (J)HJiBTpau,HH  rpyHTa  hjiothhbi,  m/c; 

Vcy(])=  -^0, 0055/30  =  0,0135  m/c. 

B  ^aHHOM  cjiynae  0,001  28  <  0,0135.  CreflOBaTejiBHO,  ycTOHHHBOCTB 

HH>KHero  OTKOca  oSecneHHBaeTca. 


2.2.2.  IIjioTHHa  6e3  ^peHaiKa 

npH  HaJIHHHH  BOflbl  B  HH5KHCM  SbeiJje 

IIpH  HajiHHHH  BOflBi  b  HH>KHeM  SBecjie  pacHeTHBie  ypaBHeHHn  6ynyr 
HMeTB  BHfl 


qjku  =  (//„  -do-  h)/m\  •  2,3  lg  ( HJ(Hn  -  h)), 
qjkn  =  [h2  -  (a0  +  h0)2]  /  2 S, 
qjk„  =  a0/m2  [(1  +  2,3  lg  (a0+  ho)/a0], 

S  =  bn  +  m2  [Hn  -  (a0  +  ho)]. 

0603HaHHM 


1  +2,3  lg  (do  +  ho)/a0  =  A, 

Tor/ia  ypaBHeHne  (2.32)  npHMeT  bh^ 

qjkn=  do  •  A/ m2. 

IIoflCTaBHB  ero  b  jieByio  nacTB  ypaBHeHHa  (2.31),  nojiynHM 


h 


\2d0  ■  A- S  2 

— - +  Oo+/*o) 


IIoflCTaBHB  BBipajKeHne  fljia  S  H3  (2.33),  Oy^eM  HMeTB 
h 


l2d0A 


b,  +m2[t  i  -(bo+hQ)]+(d0+hoy} 


(2.30) 

(2.31) 

(2.32) 

(2.33) 

(2.34) 

(2.35) 


(2.36) 


(2.37) 


06o3HanHB  npaByio  nacTB  ypaBHeHHn  nepe3  Jl,  nojiynHM  h  —  J\,  Tor^a 
ypaBHeHne  (2.31)  npHMeT  bh^ 

qJK=  (Hn  -  do-  JX)!m\  •  2,3  lg  [HJ(Hn  -  £)]. 
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0603HaHHM 

2,3  lg  [Hn/(Hn  -  A)]  =  E, 

Tor^a 

qJK  =  (//„  -cl{)-JX)  E/m i . 

IIoflCTaBJiM  nojiyneHHoe  Bbipa>KeHHe  b  (J)opMyny  (2.32),  HaiifleM 
(a0/m2)  A  =  (//„  -d0- JX)  E/m{ 

HJIH 

(wi/m2)  a0-  A  =  (Hn-d0-JX)  ■  E. 

06o3HanHM  aeByK)  nacTB 

(mi/m2)  a0-A=  F{(a  0) 

h  npaByK)  nacTB 

(Hn-d0-JX)E  =  F2(a0). 

Ctpohm  rpa(f)HK  3aBHCHMOCTH.  3a^aBaacB  3HaneHH5iMH  a0  b  nepeceneHH- 
ax  AByx  KpHBBix,  HaiifleM  hckomoc  3HaneHHe  ao,  no  KOTOpOMy  ao  =  1,4  m 
(pnc.  2.18). 

n  P  h  m  e  p  2.  BBinojiHHTB  pacneT  (J)njiBTpau,HH  nepe3  OflHOpOflHyio 
nnoTHHy  Ha  HenpOHnpaeMOM  ocHOBaHnn  npn  HajinnnH  boabi  b  mracHeM  ObecjDe. 
HcxoflHBie  ,naHHBie  cm.  npnMep  l,  ho  —  2,0  m  (pnc.  2.18). 

PemeHne.  1.  PacneT  npHBefleM  b  Bn^e  Ta6jinu,Bi: 


ao 

4=1+  2,3  lg  x 
x<7o  +  ho/ao 

Ah  3 
ypaBHe- 

HH3 

(2.21) 

E  =  2,3  \g\HJ(Hn-JX)] 

F\  =  mdmraoA 

F2  =  (H„-do~JX)E 

1 

2,09 

8,41 

0,82 

3,14 

3,35 

2 

1,69 

10,72 

1,25 

3,07 

2,23 

1,4 

1,88 

- 

- 

- 

- 

2.  Onpe^ejiMeM  yuejiBHBiH  (J)njiBTpau,HOHHBin  pacxo#  nepe3  nnoraHy  H3 
(j)opMyjiBi  (2.35)  npn  a0  —  1,4  m: 

qn  =  A-  ao/m2  •  kn  =  1,88  •  1,4  /  2  •  0,0055  =  0,0072  M3/cyr. 

3.  3a^aeMca  3HancHHaMH  x  ot  0  S  n  HaxoflHM  KOOpflHHaTBi  flenpeccn- 
ohhoh  KpHBon  no  (J)opMyjie 

y2  =  h2  -  2  •  qn  /  kn  •  x, 

ho  npeflBapHTejiBHO  onpeflejiaeM  h  no  (jiopMyjie  (2.37): 
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=j2’1’421’88{8+2[15~(1’4+2)1+(1’4+2)2}  = 


=  >/2,63[(8+31,2)  + 11,56  =  y]U2,5  =  JlO~, 6  =  3,26  m. 


6 

Phc.  2.18.  PacHcrnaa  cxeMa  (j)HJibTpaii,HH  wcpc'3  oanopoanyio  nao- 
THHy  (a)  Ha  b o a o 1 1 c 1 1 p o 1 1 h u a c m o m  ocHOBaHHH,  6e3  apeHaaca  h  npn 
HajiHHHH  Boabi  b  iiH/KiiCM  6be(})e  h  rpa(j)HK  aJia  onpcacjicnna  ao  (6) 

4.  PacneTM  npe^CTaBJiaeM  b  BH^e  TaSmmbi: 


ToHKa 

X,  M 

h2,  m 

2  ■  qjku  ’  x 

y4 

y,  m 

1 

4 

112,4 

10,5 

101,9 

10,1 

2 

15 

112,4 

39,3 

73,1 

8,5 

3 

25 

112,4 

65,5 

46,9 

6,84 

4 

31,2 

112,4 

81,7 

30,7 

5,5 
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npOBepica:  y0  =  ao  +  ho  =  1,4  +  2  =  3,4  <  5,5. 

TaKHM  o6pa30M,  pacxojK^eHHe  cocTaBJiaeT  2,1  m.  Cne,n,OBaTe.rn>HO,  Heo6- 
XOflHMO  B  HH30B0M  OTCeKe  npHMeHHTb  flpeHa>K  HJIH  aflpo  B  TeJie  HJIOTHHbl. 

2.2.3.  IIjioTHHa  c  flpeHaacoM 

npH  HaJIHHHH  BO^bl  B  HH5KHCM  6be(|)e 

IIpH  HanHHHH  BOflBi  b  HH^KHeM  Obecjie  (pHC.  2.19)  pacneTHbie  (})OpMyjIbI 
HMeKDT  BHfl 

qJK=  {Hn  -  d0-h)/m i  •  2,3  lg  [HJ(Hn  -  h)],  (2.38) 

q„/kn=  (h2  -  h02)/2S,.  (2.39) 

IIojib3yacB  cxeMoii,  cocTaBJiaeM  TpeTte  ypaBHemie: 

SK  =  bn  +  (Hn  -  ha)  m2  -  hyn3.  (2.40) 


Phc.  2.19.  PacneTHaa  cxeMa  (JiHJibTpaiiHH  nepe3  oflHopoAHyio  3eMJia- 
Hyio  nnoraHy  c  apcnavKOM  Ha  BoaoiicupoiiHuacMOM  ocHOBaHHH  npn 

HaJIHHHH  BOflbl  B  IIH/KIICM  6bC(|)C 


nP  h  m  e  p  3.  IIocTpOHTb  KpHByio  .qenpeccHH  h  onpefleuHTB  yuejibHbiH 
(J)HJlbTpaU,IIOHHBIH  paCXOfl  OflHOpOflHOH  IIJIOTHHBI  C  flpeHaJKOM  npH  HaJIHHHH 
BOflbl  B  HHJKHeM  6be(jie:  K03(jl(J)HIl,HeHT  (|)HJIBTpaU,HH  TpyHTa  Tena  nJIOTHHBI 

kn  =  0,005  5  m/ cyT;  Hn  =  15,0  m;  bn  =  8,0  m;  ba  =  2,0  m;  ni\  =  3,0  m;  m2  =  2,0; 
m3  =  1,0;  ni4  =  1,5;  d0  =  2,5  m;  h0  =  2,0  m. 

P  e  hi  e  h  h  e.  Ha3HanaeM  BBicoTy  ^peHa>Ka  hR,  3ano>KeHHe  otkocob  m3  h 
m.4,  HIIipHHy  flpeHa>KHOH  npH3MBI  ba. 

1 .  Onpe^ejiaeM  npoeKpino  .genpeccHOHHOH  KpiiBoii  Ha  ocb  x  no  (JiopMy- 
ne  (2.40): 

S=  8,0  +  (15  -  4,0)  2,0  -  2,0  •  1,0  =  28,0  m. 

2.  PaccHHTaeM  rnyOnHy  (f)HJibTpaii,HOHHoro  noTOica  h  b  pa3/ie.JibHOM  cene- 
hhh  Oy.  3Toro  npHpaBHaeM  npaBtie  nacTH  ypaBHeHHH  (2.38)  h  (2.40)  h 
Han^eM 
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J2  s  H 

^{Hn-d0-h)2,'l\g—^-+hl 
mx  Hn-h 

2 

06o3HanHB  no^KOpeHHoe  BBipa>KeHHe  nepe3  F  +  ho~,  nojiymiM 

h=F  +  hi  ■ 

3a^aBaacB  3HaneHnaMH  h  He  MeHee  Tpex  pa3,  onpe^ejiaeM  cootbctct- 
Byiomiie  snaHemia  yj F  +  hi  .  npH  h  =  10  3HaneHiie  ^F  +  hi  =  7,25;  npH  h  =  8, 

cooTBeTCTBeHHO,  yj F  +  hi  =  8,22;  npn  h  —  6  sJ~F  +  hi  =  8,12.  ITo  nojiyneHHBiM 

flaHHBIM  CTpOHM  Tpa(J)HK  (pHC.  2.20),  C06.JIK),Haa  OflHH  H  TOT  >Ke  MaCHITaS  no  OCH 
aScpncc  h  opflHHaT.  H3  Hanajia  KOOpflHHaT  npoBOflHM  jihhhio  no^  yraoM  45°, 
H3  tohkh  nepecenemni  ee  c  Kpireon  onycKaeM  BepTHKaaB  Ha  ocb  a6cu,ncc  h  Ha- 
XOflHM  h  =  8,2  M. 


Phc.  2.20.  rpa(j)HK  ana  onpeaeneHHa  h 


3.  OnpeaeaaeM  yaenbiibin  (})H3bTpamionnbiH  pacxoa  no  cjiopMyjie  (2.55): 

qn  =  (h2-h02)kn  /  2S„  =  (8,22  -  2,02)  •  0,0055  /  2  •  28  = 

=  0,006  52  M/cyT  Ha  1  nor.  m  hjiothhbi. 


4.  BbinncjiaeM  opflHHaTbi  KpHBon  ^enpeccHH  no  (J)opMyne 

y2  =  h2  -  2 qn  /  kn-  x. 

PacneT  npe^CTaBJiaeM  b  Bn^e  TaSmipw: 


ToHKa 

X,  M 

2 qn/kn  ■  x 

2 

y 

y,  m 

1 

0 

0 

70,5 

8,4 

2 

5 

11,9 

58,6 

7,6 

3 

10 

23,7 

46,8 

6,83 

4 

20 

47,4 

23,1 

4,8 

5 

25 

59,3 

11,2 

3,35 

6 

28 

66,4 

4,2 

2,0 
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2.3.  OHJIbTpaUHOHHblH  pacneT  O/JHOpOaHOH  nJlOTHHbl 
Ha  BO/ionpoHHpaeMOM  ociionaiimi 

<I>HJIBTpail,HOHHBIH  paCHCT  3eMJI5fflOH  njiOTHHBi  Ha  BOflOnpOHIipaeMOM  OC- 
HOBaHHH  KonennoH  nrySmiBi  6e3  apena'/Ka  h  npn  OTcyTCTBHH  bo^bi  b  hh5khcm 
6Be(jie  ynpouienno  mo>kho  bbihojihhtb  no  MCToay  aKaa.  H.  H.  IlaBJiOBCKoro  [14]. 

^JHI  OflHOpOAHOH  3eMJIMHOH  nJlOTHHBI  C  K03(J)(J)HIl,HeHT0M  (J)HJIBTpai],HH 
rpyHTa  njiOTHHBi  ku  Ha  npommaeMOM  ocHOBaHHH  h  K03(Jxf)Hu,HeHT0M  ocnoBanna 
k0  npOH3BOflHTCM  onpe,zie.JieHHe  o6mero  y^enBHoro  (jiHJiBTpaiiHOHHoro  pacxo.ua 
q0 6  KaK  cyMMBi  yuejiBHBix  pacxoflOB  nepe3  Teno  hjiothhbi  qn  h  nepe3  ocHOBa- 
HHe  q0. 

Pacxo,n  qn  BBiHHcnaeTca  b  npeflnono>KeHHH,  hto  njiOTHHa  npOHHpaeMaa, 
ocHOBaHne  HenpOHiipaeMoe,  qo  -  HenpoHiipaeMaa  njiOTHHa  h  npomipaeMoe  oc- 
HOBaHHe. 

BBirne  (cm.  npHMep  1)  nojiyneH  y/iejiBHBiH  (J)HJiBTpau,HOHHBiH  pacxo#  qn  = 
=  0,006  23  M3/cyT. 

y^ejiBHBiH  pacxoA  qo  nepe3  BO^onpoHimaeMoe  ocHOBaHne  hjiothhbi  on- 
peflejineM  no  (jiopMyne  (pnc.  2.21) 

q0=  k0  ■  H  ■  T/n  ■  B0.n,  (2.41) 

r^e  n  -  nonpaBOHHBiii  K03(jxf)Hi],HeHT. 


Phc.  2.21.  PacMcmaM  cxeMa  (JjHjibTpaiiHH  wcpc3  iuiOTHHy 

Ha  BOflOnpOHHH,aeMOM  OCHOBaHHH  npH  OTCyTCTBHH  BOflbl  B  IIH/KIICM  6bC(|)C 


B  ocHOBaHHH  njiOTHHBi  3ajieraeT  rpyHT  Ha  rjiySnHe  T  =  6,0  m, 
c  —  ko~  0,5  m  / cyT. 

YpOBeHB  BOflBi  b  BO,noxpaHHJiHme  H  —  Hn  -  do  —  15  -  2,5  =  12,5  m,  ihh- 
pHHa  njiOTHHBi  B  OCHOBaHHH  Bo  u  COCTaBJHieT  (pHC.  2.21) 

B0  n  =  Hn  •  ni\  +  bn  +  Hn  •  m2  —  15  •  3  +  8  +  15  •2  =  45  +  8  +  30  =  83  m. 
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rionpaBOHHMH  K03(J)(J)HLI,HeHT  fl  OnpefleJIfleTCfl  B  3aBHCHMOCTH  OT  OTHO- 

meHHa  BJT: 


BJT 

20 

5 

4 

3 

2 

1 

n 

1,15 

1,18 

1,23 

1,30 

1,44 

1,87 

IIpH  BJT  =  83  /  6  3HaneHHe  n  =  1,16. 

YflejiBHbiii  pacxofl  b  ocHOBamm 

q0=  0,5  •  12,5  •  6  /  1,16  •  83  =  37,5  /  96,28  =  0,389  M3/cyr  Ha  1  nor.  m. 

06ihhh  y^ejiBHbiH  <J)HJiBTpau,HOHHbiH  pacneT  nepe3  Teno  hjiothhbi  h  ee 
OCHOBaHHe  COCTaBJIBeT 

Q  =  q n  +  go  =  0,006  23  +  0,389  =  0,395  M3/cyr  Ha  1  nor.  m  hjiothhbi. 


2.4.  OHJibTpauHOHHbie  pacneTbi  3eMJiHHbix  iijiothh 

C  npOTHBO(J)HJlbTpaU,HOHHbIMH  3JieMCHTaMH 

2.4.1.  IIjlOTHHa  C  H^pOM  Ha  BOflOHenpOHHIiaeMOM  OCHOBaHHM 
npH  OTCyTCTBHH  BOflbl  B  HH/KHCM  SbejJje 

HajiHHne  Bflpa  b  Tejie  3eMjniHOH  hjiothhbi  H3  MajiOBO^OHenpoHHu,aeMoro 
rpyHTa  C  K03(J)(J)HII,HeHTOM  (j)HJIBTpaH,HH  Ay  <0,1  M/cyT  BBI3BIBaeT  3HaHHTeJIBHBie 
noTepn  Hanopa  Ha  ero  npeo,nojieHHe  (j)HJiBTpau,HOHHBiM  noTOKOM,  hto  npnBO- 
flHT  K  yMeHBHieHHIO  (j)HJIBTpaU,HOHHOrO  paCXOfla  H  nOfflHKeHHIO  KpHBOH  ,ne- 
npeccnn. 

Ko3(J)(J)HH,HeHT  (J)HJiBTpau,HH  rpyHTa  aflpa  Ay  oSbihho  npHHHMaeTCn  mchb- 
me  K03(|)(J)Hu,HeHTa  (|)HJiBTpaH,HH  Tejia  njiOTHHBi  Ay,  nosTOMy  b  npe^ejiax  Bflpa 
HaSjuoflaiOTCM  3HanHTejiBHBie  noTepn  Hanopa  (pnc.  2.22). 

^jih  ynpouieniHi  pacneTa  (j)HJiBTpau,HH  nepe3  aeMjnniyio  njiOTHHy  c  aapoM 
a  ran.  H.  H.  IlaBJiOBCKHH  npeflJio>KHJi  Tax  Ha3BiBaeMBiii  «BHpTyajiBHBiH»  (bo3- 
mojkhbih)  cnoco6  [14].  Oh  3aKJHonaeTca  b  tom,  hto  njiOTHHa  c  a^pOM  c  ko3(|)- 
(J)HU,neHTOM  (j)HJIBTpaU,HH  Ay  (pHC.  2.22,  a)  npHBOflHTCH  K  O^HOpO^HOH  nJIOTHHe 
6e3  Bflpa  C  K03(|)(|)HU,HeHTOM  (j)HJIBTpaU,HH  Ay  (3KBHBaJieHTHOH  no  (j)HJIBTpaU,HOH- 
HBIM  CBOHCTBaM)  (pHC.  2.22,  6). 

riopBflOK  pacneTa  cjie^yiomHH:  1.  Haxo^HM  cpe^Hioio  TOJimmiy  B^pa 
Scp  =  SB  -  SH  /  2,  corjiacHO  CHhII  2.06.05-84  npnHHMaeM  TOJTniHHy  pa  no- 
Bepxy  SB  =  1,0-1, 6  m;  TOJimHHy  pa  noHH3y  5H  >  0,1  H,  ho  He  MeHee  3,0  m. 

2.  OnpeaenaeM  npiiBeaennyio  (BHpTyajiBHyio)  TOJimHHy  anpa  no  ypaB- 
HeHHIO 

8[iP  =  8cp  •  Ay/Ay,  (2.42) 
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rne  5cp-  cpeniooi  Tonminia  aa pa,  m;  kn  -  Koa^upneHT  (|)HabTpamni  rpyHTa  Te- 
aa  naoTHHM,  M/cyT;  &a-  K03(f)(J)Hii,HeHT  <J)HabTpai],nn  rpyHTa  aapa,  WcyT. 


C  aapOM  Ha  BOaOlIClipOlIMHaCMOM  OCHOBaHHH  npH  OTCyTCTBHH  BOabI 
b  HH5KHeM  6be(])e:  a  -  ruiOTHHa  c  aapovi;  6  -  oanopoanaa  (npHBeaeHHaa) 
ruiOTHHa;  e  -  rpac|)HK  ana  onpencjienna  o0 

3.  HaxoauM  npiiBeaennyio  (b HpTy anBHyio )  mnpnHy  rpeona  naoTiiHLi  no 
ypaBHeHHio 

bnp  =  bn  +  8cp  {kJK  ~  1),  (2.43) 

ryie  bn  -  mnpnHa  rpeSHa  nnoTHHBi. 
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4.  Bbihhchhb  npHBe^eHHyK)  TOJimHHy  a,gpa  8np  h  npHBefleHHyio  mnpHHy 
rpeSHa  iijiothhbi  bnp,  noaynHM  cenemie  o,hhopo,hhoh,  t.  e.  npHBe,geHHOH,  nao- 
THHBI  (pHC.  2.22,  6). 

PacneT  (jfflaBTpapHH  nepe3  o^HOpOflHyio  (npHBefleHHyio)  naoTHHy  aHa- 
jiormeH  pacneTy  (j)HaBTpau,HH  nepe3  o^HOpo^Hyio  3eMaaHyio  naoTHHy,  H3ao- 
aceHHOMy  b  n.  3.2.1,  ho  c  3aMeHOH  S  Ha  5^. 

^Iflpo  acejiaTejiBHO  pacnoaaraTB  Sanace  k  HanopHOMy  OTKOcy,  hto6bi  Bce- 
r^a  co  CTOpOHti  OTKOca  h  rpeSHa  naoTHHti  ocTaBaaca  3amHTHbiH  caoii  Toamn- 
hoh  He  MeHee  raySHHti  npoMep3aHHa. 

nP  h  m  e  p  4.  IIocTpOHTB  KpHByK)  .zienpeccHH  h  onpefleaHTB  y/jeatHBiH 
(J)HaBTpau,HOHHBiH  pacxoA  flaa  naoTHHBi  c  a^pOM  Ha  BOflOHenpoHHpaeMOM  oc- 
HOBaHHH  6e3  ApeHaaca  h  OTcyTCTBHa  boabi  b  HHacHeM  6i.e(j)e  (pnc.  2.22,  a),  hc- 
nonB3ya  caeflyiomne  flaHHBie:  H=  12,5  m,  d0  =  2,5  m,  Hn  =  15  m,  b  —  8  m,  =  3, 
m2  =  2,  kn  =1,5  WcyT,  Ay  =  0,05  M/cyr.  Toammia  a^pa  noBepxy  5B  =  2,6  m,  no- 
HH3y  5h  =  4,0. 

PemeHHe.  1.  Onpe,neaaeM  cpeflmoio  h  npHBefleHHyio  ToaniHHy  a^pa: 

5CP  =  8B  +  8H/2  =  1,6  +  4,0/2  =  2,8  m, 

8np  =  8cp  •  kjkx  =  2,8  •  1,5/0,05  =  84,0  m. 

PaccHHTBiBaeM  npHBefleHHyio  mnpHHy  rpeSHa  naoTHHBi 

bnp  =  bn+  8cp  (kn/ka  -  1)  =  8  +  2,8  (1,5/0,05  -  1)  =  89,2  m. 

2.  IIonepeHHBiH  npocjDHaB  stoh  npnBe,neHHOH  naoTHHBi  ctpohm,  3Ha a  h 
coxpaHaa  6e3  H3MeHeHHa  BeaHHHHBi  Hn,  do ,  mi  h  m2  (pnc.  2.22,  6). 

3.  PacaeTHBie  ypaBHeHHa  axa^.  H.  H.  PlaBaoBCKoro  ^aa  3Toro  cayaaa 
caeflyiomne  [15]: 

qn  /  k  =  (Hn  -do-  h)/mi  •  2,3  lg  HJ(Hn  -  h ),  (2.44) 

<?„  /  *„  =  (A2  -  <j02)/2 V  (2.45) 

qu/  ku  =  do/  m2,  (2.46) 

Snp  =  bnp  +  m2  (Hu  -  Go).  (2.47) 

B  3thx  ypaBHeHHax  4  HeH3BecTHBix:  ao,  h,  h  qn. 

,H,aa  ynpomeHHa  pemeHHa  chctcmbi  neTBipex  ypaBHeHHH  BBe^eM  coKpa- 
HjeHHbie  o6o3HaaeHHa: 

2,3  lg  HJ(Hn-h)  =  E. 

Tor^a  ypaBHeHHe  (2.44)  npHMeT  bh^ 

qn  /  kn  —  (Hn  -  do  -  h)  E  /  m\. 

raySnHy  (JmaBTpaiiHOHHoro  noTOxa  h  b  pa3^eaBHOM  ceneHHH  Oy  onpe- 
^eaaeM  no  (j)opMyae 
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06o3HanHB  npaByio  nacTb  ypaBHemni  nepe3  J\,  nojiyHHM  h  =  J\. 
no^CTaBJiaa  J\  bmccto  h  b  ypaBHeHHe  (2.44)  h  npHpaBHHBaa  npaBtie  nac- 
th  ypaBHeHHH  (2.44)  h  (2.45),  HMeeM 

a0  /  in 2  =  (//„  -  do  -  JX)  I  m\  hjih  m\ /  m2  •  ao  =  (//„  -  <70  -  A)  £• 

06o3HanHM  m\  /  m2  •  ao  =  F\  (ad)  h  (//n  -  do  -  J\)  E  =  F2  (ao). 

3a#aBaacB  3HaneHHaMH  <30,  pemaeM  ypaBHeHHe,  floOHBaacb  paBeHCTBa 

Fi  (ao)  =  F2  (ao). 

PacneT  npe^CTaBJiaeM  b  BH^e  Ta6jiHu,ti: 


ao 

F\  =  (mi  /  m2)  ao 

Snp 

A 

E 

F2  =  (Hn-d0-A)E 

0,8 

1,2 

117,6 

9,73 

1,04 

2,28 

1,0 

1,5 

117,2 

10,88 

1,29 

2,08 

U 

1,65 

117,0 

11,40 

1,42 

1,56 

1,2 

1,80 

116,8 

11,80 

1,64 

0,95 

Ha  ocHOBaHHH  Ta6jiHu,Bi  CTpOHM  rpacjDHK  (pHC.  2.22,  e).  H3  tohkh  nepece- 
Hemni  KpHBtix  onycKaeM  HOpMajit  Ha  ocb  aScpncc  h  Haxo^HM  ao  HCKOMoe. 
TaKHM  o6pa30M,  BejiHHHHa  ao  =  1,1  m,  npn  btom  F\  (ad)  ~  F2  (ad). 
BbiHHCJiaeM  HeH3BecTHBie  *Snp,  h  nqn: 

Snp  =  bnp  +  m2  ■  (Hn- ad)  =  89,2  +  2  •  (15  -  1,1)  =  117,0  m, 


h 


(2d0S-id) 


+  an 


m~ 


a/(2-1,1-117/2)+112  =  11,4  m, 


gn  =  (Ay  •  «o)  /  w2  =  (1,5  •  1,1)  /  2  =  0,825  m  /cyr  Ha  1  m. 

2  2 

4.  OnpeaeaaeM  KOopannaTbi  y  /jenpeccuonnoM  kphboh y  —  h  -  2  •  qn  x  /  k. 
3a^aBaacb  3HaneHHaMH  x  ot  0  /jo  Sup,  BtiHHCJiaeM  y. 

PacHexbi  npeflCTaBJiaeM  b  BH^e  Ta6jiHu,bi: 


ToHKa 

X,  M 

2  qn  /  ku  ■  x 

y2 

y,  m 

1 

0 

0 

129,96 

11,40 

2 

2,6 

2,86 

127,10 

11,27 

3 

86,6 

95,26 

34,70 

5,90 

4 

100,0 

110,0 

19,96 

4,47 

5 

110,0 

121,0 

8,96 

3,0 

6 

Sop  =  1 17,0 

128,70 

1,26 

1,12 

npaBHJiBHOCTB  (j)HJiBTpau,HOHHoro  pacHCTa  rioaTBep'/KaaeTca ,  ecnH  npH 
x  =  iSnp  3HaneHHe  y  =  a0. 

5.  OnpeaeaaeM  ckopoctb  (J)HXBTpauHH  VBhlx,  m/c,  npH  BBixoae  (J)HJiBTpa- 
PHOHHOrO  nOTOKa  Ha  HH30B0H  OTKOC  no  3aBHCHMOCTH 

v  =k  ■  J 

v  BBIX  ‘'BBIX? 

r^e  JBblx-  yKJiOH  KpHBoii  .genpeccHH  npn  BBixo^e  Ha  hh30boh  otkoc, 

JBbIX  =  Ay  /  Ax  -  Os  -y6y(x6  -x5)  =  (3  -  1,12)  /(1 17  -  1 10)  =  1,88  /  7  =  0,268, 


VBWX=  1,5  •  0,268  =  0,402  M/cyT. 

6.  npOBepaeM  npOHHOCTB  HH30Boro  OTKOca  rpyHTa  Ha  Mexamraecxyio 
Cy(j)(J)03HK). 

^onycTHMaa  ckopoctb  cycJx{)03MM 


/ 1,5/30  =  0,224  M/cyT. 


Tax  xax  VBbIX  =  0,402  >  Vcy$  =  0,224,  HeoSxo^HMO  b  hh30bom  OTxoce  3a- 
npoexTHpOBaTB  apena>x. 


2.4.2.  njlOTHHa  C  H^pOM  H  flpeHaiKOM 
Ha  BOflOHenpoHHpaeMOM  ocHoeaHHH 
npH  HaJIHHHH  BOflbl  B  HH5KHCM  SbejJje 

PacneTHBie  ypaBHeHHx  axafl.  H.  H.  IlaBJiOBCxoro  ^jib  paccMaTpHBaeMoro 
cjiynax  hmciot  bhh 

qn  /  K  =  ( Hn  -do-h)/  m,  •  2,31g  Hu  /  (Hu  -  h),  (2.48) 

qJkB  =  (ft2  -  A„2)  /  2  Snp,  (2.49) 

5np  ^np  ^2  (H n  —  hrf)  hrf  '  W3.  (2.50) 

ITopa^ox  pacneTa  cjieflyiomHH: 

1 .  OnpeaexaeM  cpeanioio  Toxuniny  aapa: 

§cp  =  (§B  +  8h)  /  2. 

Haxoamvi  npiiBeaennyio  mnpHHy  rpe6iui  hjiothhbi: 

^np  bn  ^  §cp  (J^n  /  1)* 

Bbihhcjibcm  Sop  no  ypaBHemno  (2.50). 

2.  Onpe^ejiaeM  rjiySHHy  (j)HJiBTpau,HOHHoro  noTOxa  b  pa3^ejiBHOM  cene- 
hhh  Oy  no  (j)opMyae 

[2S~  H 

h  =  .  ~^(Hn - d0-h )  •  2,3 lg— . 

V 
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IIoflKopeHHoe  BtipajKeHHe  3aMeHaeM  coxpameHHMM  o6o3HaneHHeM  ne- 
pe3  F  +  h0  h  nonynaeM  h  =  y JF+  h0  . 

3a^,aBaacb  pa3JiHHHbiMH  3HaneHHaMH  h  He  MeHee  Tpex  pa3,  BbinHCJiaeM 

yjF  +  K  • 

Ctpohm  rpacjrax,  coSmo^aa  OAHHaxoBbie  MacmTaSbi  no  och  a6cu,ncc  h 
OpflHHaT  (cm.  pHC.  2.20),  H  HaXOflHM  BeJIHHHHy  h. 

3.  PaccHHTtiBaeM  yuejiBHBiH  (jMJibTpapHOHHbiH  pacxoA  no  (J)opMyae  (2.49). 

4.  BbinncnaeM  opAHHarai  KpnBon  ^enpeccnn  no  ypaBHeHHK) 

y2  =  h2  -  (2qn  /  kn)  x.  (2.51) 

PacHCT  npe^CTaBJiaeM  b  bmac  TaSnnpLi  (ananornmio  TaOnnpe  b  npnMepe  3). 
CornacHO  npHBeAeHHOMy  BBirne  nopaAxy  pacneTa  onpe^enaeM  qn,  S^,  h 
n  y  (aHanornnHO  npnMepy  4). 

2.4.3.  IIjioTHHa  c  H^poM  h  ApeHaacoM  Ha  BOAonpoHHpaeMOM 
OCHOBaHMM  npn  OTCyTCTBHH  BOflbl  B  HHiKHeM  6be(|)e 

^jia  pacneTa  hjiothhbi  c  a^pOM  n  ApeHaacoM  Ha  BOAonpOHHpaeMOM  oc- 
HOBaHHH  KOHenHon  rayOmibi  T  npn  ko  =  ku  M.  3.  Ty30B  npeAnoacHJi  He  yanra- 
BaTb  BanaHHe  Ha  (j)HaBTpau,HOHHBiH  noTOK  nacra  naoTHHBi  ao  aA pa,  KOTOpoe 
BecbMa  He3HanHTeabHO,  h  paccMaTpHBaTB  nnoraHy  xax  eocToamyio  H3  AByx 
nepeMBinex  (pnc.  2.23),  aA pa  ocpeAHeHHOH  tohh;hhbi  h  hh30boh  nacra  moranbi. 


Phc.  2.23.  PacHCinaa  cxeMa  (|)MJibipauHH  wcpc3  acvuianyio  ruiOTHHy 
c  aapoM  h  apcna>KOM  Ha  boao npo 1 1 m uacMO m  ocHOBaHHH 
npH  OTCyTCTBHH  BO^bl  B  IIH/KTICM  6be4)e  npn  hi)  =  0 


B  3tom  ejiynae  paeneT  CBOAHTca  k  noeipoeHmo  xpHBoii  AenpeecHH  3a 
aApOM  h  onpeAeaeHHio  (|)HJibTpaii,HOHHoro  paexoAa. 

,Z],jia  BbinHCJieHHa  raySHHbi  (jDHJibTpapHOHHoro  noraxa  3a  aApOM  Hcnojib- 
3yiOT  (J)opMyay 

h  =  ^ T2+(I  2  +  2HlT)/(l+ki  Tky  ■  8~/ L)-T  ,  (2.52) 

TAe  H\  -  paeneraaa  rnySHHa  boabi  nepeA  hjiothhoh;  T  -  rnySHHa  BOAonpOHH- 
paeMoro  cnoa  ocHOBaHna;  8*  -  TOJimima  aApa;  L  -  npoexpua  AenpeecHOHHOH 
XpHBOH  Ha  OCb  x  (pnc.  2.23). 
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3ma  rnySHHy  h ,  yflejiBHBiil  (j)HJiBTpaii,HOHHBiH  pacxo^  onpe^ejiaiOT  no 
ypaBHeHHK) 

qn  =  kn  [{h  +  Tf-f]/2L.  (2.53) 

KpHByio  ^enpeccnn  CTpoaT  no  (jiopMyjie 

y  =  h  -\J x / L  .  (2.54) 

Hanano  KOOpflmiaT  npHHHMaeTca  Ha  no^oniBe  BHyTpeHHero  OTKOca  ^pe- 
Ha^KHOH  npH3MBI  (CM.  pHC.  2.23). 

np  h  m  e  p  5.  ITocTpOHTB  KpHByio  ^enpeccnn  n  onpe^ejinTb  yflejiBHBin 
(j)HJiBTpau,noHHBin  pacxo^  fljia  nnoTnHbi  Ha  BOflonpOHnpaeMOM  ocHOBaHnn  c 
aflpOM  n  ^peHaacoM  npn  OTcyTCTBnn  boabi  b  HHaoieM  6Becj)e  (pnc.  2.23)  npn 
cne^yroninx  ^amiBix:  Hn  =  15,0  m;  Hi  =  12,5  m;  do  =  2,5  m;  bn  =  8,0  m;  m i  =  3,0; 
m2  =  2,0;  m3  =  1,0;  m 4  =  1,5;  kn  =1,5  Wcyr;  Ay  =  0,005  Wcyr.  KnySHHa  Bo^onpo- 
mmaeMoro  cnoa  oc  no  Banna  T=  6,0  m;  BBicoTa  flpeHaaca  h:i  =  3,0  m;  A0=  0,5  Wcyr. 

PemeHne.  1.  IIo  pnc.  2.23  onpe^ejiaeM  paccToaHne  ot  hh30boh  rpaHH 
ocpe^HeHHoro  a^pa  ^o  no^oniBBi  BHyTpeHHero  OTKoea  ^peHaaca  (npoeKu,na  ^e- 
npeccHOHHOH  KpHBoii):  Scp  =  2,8  (cm.  npHMep  4), 

Z  =  6n  +  ( Hn  -  ha)  m2  —  0,5  •  5cp-  hA-  w3  =  8,0  +  (15,0  -  3,0-2)  -  1,4  -  3,0  =  27,6  m. 

2.  OpflHHaTy  KpHBoii  ^enpeccHH  3a  a^pOM  onpe^enaeM  no  ypaBHeHHK) 
(2.52): 

h  =yjr2  +(/  2  +  2 HXT) l{\+h{lkr^IL)-T  , 
h  =  J 6,02 2  +(12, 522  +212,5  •  6,0) /(1+ 1,5/ 0,005  •  2,8/27,6)-0,6  =  0,8  m. 

3.  KpHByio  ^enpeccHH  CTpOHM  no  ypaBHeHHK)  y  —  h  y/x/L  . 

Hanano  KOOpAHHaT  npHHHMaeM  Ha  no^OHiBe  BHyTpeHHero  OTKoea  ^pe- 
Haaca  (cm.  pnc.  2.23). 

^jia  onpefleaeHHa  opflHHaTBi  ,nenpeccHOHHOH  KpHBoii  3a^aeMca  pa3HBiMH 
3HaneHHaMH  x  b  npe^enax  L\ 


X 

1 

5 

10 

15 

20 

27,6 

y 

0,157 

0,34 

0,43 

0,59 

0,68 

0,8 

Ha  ocHOBaHHH  Ta6aHu,Bi  CTpOHM  flenpeccHOHHyio  KpHByio. 

4.  OnpeflenaeM  y^ejiBHBiH  (j)HHBTpau,HOHHBiH  pacxoa,  Tena  hjiothhbi  no 
ypaBHeHHK)  (2.53): 

qn  =  1,5  •  [(0,8  +  6,0)2  -  62]  /  2  •  27,6  =  0,27  M3/cyT  Ha  1  m. 

5.  y^eaBHBiH  (J)HHBTpau,HOHHBiH  pacxo^  nepe3  ocHOBamie  hjiothhbi  bbi- 
HHcaaeM  no  (j)opMyjie  (2.41): 
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4o=  ko  H\T /  n  •  Bnsi  =  0,5  •  12,5  •  6,0  / 1,16  •  (15,0  •  3  +  8,0  +  15,0  •  2)  = 

=  0,389  M3/cyT  Ha  1  m. 

CyMMapHLiil  (J)HJiLTpau,HOHHMH  pacxo,zi  nepe3  naoTHHy  h  ocHOBaHHe: 

Q  =  0,27  +  0,389  =  0,659  m3/  cyT  Ha  1  nor.  m. 

2.4.4.  IIjTOTHHa  c  OKpaHOM  h  6e3  ^peHa^Ka 
Ha  BOflOHenpOHHpaeMOM  OCHOBaHHH 
npH  OTCyTCTBHH  BOflbl  B  HH/KHCM  6be<J)e 

3xpaH  bbiiiotiihiot  H3  njiacTHHHBix  rpyHTOB,  hmciouhix  K03(}x})iimieiiT  k3, 
KOTOpBlil  B  fleCaTKH  H  flaace  COTHH  pa3  MeHBHie  K034)(J)HU,HeHTa  (J)HJlBTpaU,HH  Te¬ 
lia  njiOTHHBi  Ay,  hto  npHBOflHT  k  3HaHHTejiBHBiM  noTepaM  Hanopa  Ha  ero  npe- 
OflOJieHne  h,  cjieflOBaTejiBHO,  k  pe3KOMy  chhjkchhk)  nojioaceHHa  KpHBOH  rq- 
npeccHH  b  Tejie  hjiothhbi. 

Pa3^ejiBHoe  cenemie  (pnc.  2.24)  h  ocb  op^miaT  b  stom  cenemiH  npOBO- 
flaT  nepe3  Tonicy  nepeceneHHa  KpHBOH  ^enpeccHH  c  HHacHeii  rpaHBio  3KpaHa 
(b  cpe^Hen  nacTH  3KpaHa). 

PacneT  Be,nyT  no  TpeM  (j)opMyjiaM  [11,  16]: 


qn  /  ku  =  (Hf  -  ho-  Z2)  /  (2  5cp  n  sin  9), 

(2.55) 

h=  L  /  m2-  sJ(Lr  Ini)  -  hi  , 

(2.56) 

qn  /  kn  =  {h2  -h2)/  2(L  -  m2hx ), 

(2.57) 

r,ne  n  -  OTHomeHHe  K03(})(})Hu,HeHTa  (J)HJiBTpau,HH  Tejia  hjiothhbi  k  K03(})c|)Hu,HeH- 
Ty  4>HJiBTpau,HH  rpyHTa  3KpaHa,  n  —  kn/  k3;  Z  -  npoeKu,Ha  cpe^Heii  tojhhhhbi 
3KpaHa  Ha  BepTHKajiB,  Z  =  8cp  •  cos  0;  5cp  -  cpe^Haa  TOJimHHa  3KpaHa, 
Scp  =  0,5  (SB  +  Sn);  0  -  yroji  HaKJiOHa  3KpaHa  k  ocHOBaHHio  hjiothhbi;  he  -  ray- 
6nHa  (J)HJiBTpau,HOHHoro  noTOica  HenocpeflCTBeHHO  3a  sxpaHOM. 

3th  ypaBHeHHa  npome  pernaTB  no^SopOM,  3a#aBaacB  3HaneHHaMH  he  h 
nojiynaa  Ha  nepTOxe  L,  a  3aTeM  ^o6HBaacB  paBeHCTBa  qn  /  kn  b  ypaBHemiax 
(2.52)  h  (2.53).  IlopaflOK  pemeHHa  noica3aH  b  npHMepe  6. 

2.4.5.  IIjioTHHa  c  3KpaHOM  h  6e3  upeHaiKa 
Ha  BO/jOHenpoHHiiaeMOM  OCHOBaHHH 
npH  HaJIHHHH  BOflbl  B  HH/KHeM  6be<J)e 

npH  HaJIHHHH  BOflBI  B  II  HAT  I  CM  ObecJje  paCHCTIIBie  ypaBIieilHT  flJia  nJIOTH- 


HBI  C  3KpaHOM  HMeiOT  BHfl 

qn  /  kn  =  (H2  -  h2  -  Z2 )  /  (25cp«  •  sin  0), 

(2.58) 

h\-  h0  =  L  /  m2  -  yjL/m2  -  (h^-hQ)  , 

(2.59) 

qj  kn  =  (h2  -  h2)  /  2(L  -  m2hx). 

(2.60) 
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nP  H  M  e  p  6.  IIoCTpOHTB  KpHByK)  ^enpeCCHH  H  OnpefleJIHTb  y^eJlLHLIH 
(J)HJIBTpaU,HOHHLIH  paCXOfl  nJIOTHHBI  C  3KpaHOM  6e3  flpeHa>Ka  npH  HaJIHHHH 

BOflBi  b  HH>KHeM  6Be<J)e  (piic.  2.24). 

,Z],aHo:  bn  =  8,0;  m\  =  3,0;  m2  =  2,0;  H\  =  12,5  m;  Hn  =  15,0  m;  t3 ani  =  2,0  m; 
ho  =  1,0  m;  do  =  2,5  m;  kn  =  0,5  WcyT;  k3  =  0,005  M/cyr;  yron  HaKJiOHa  3Kpaira  k 
ocHOBaHHK)  ruiOTHHBi  0  =  18°30'  =  0,32;  cos  18°30'  =  0,95;  TOJimima  3KpaHa 
noBepxy  8B  =  1,0  m;  noHroy  8H  =  2,0  m. 

rpyHT  Tena  iijiothhbi  -  cynecB;  KJiacc  iijiothhbi  -  III. 


Phc.  2.24.  PacHcmaa  cxeMa  (|)Hj[bipaL[HH  ncpca  ruiOTHHy 
c  3KpaHOM  h  6e3  apeHaaca  Ha  BOflOHenpommaeMOM  ocHOBaHHH 
npH  HaJIHHHH  BO,UbI  B  IIH/KIICM  6bC(|)C 

P  e  m  e  h  h  e.  1.  Onpe^enaeM  cpe^moio  TOJimHHy  3KpaHa: 

5cp  =  0,5  (5B+  5H)  =  0,5  (1,0  +  2,0)  =  1,5  m. 

HaxoflHM  npoexpHio  TOJimuHBi  3KpaHa  Ha  BepTHKanB: 

Z  =  8cp  •  cos  0=1,5 -0,95  =  1,42  m. 

BejiHHHHa  n  =  kn  /  k3  =  0,5  /  0,005  =  100. 

2.  3aflaeMca  He  MeHee  Tpex  pa3  bcjikhkhoh  op^HHaTBi  kphboh  ^enpeccHH 
3a  3KpaHOM:  he  =  2,  4,  6,  8,  10  m. 

3.  no  3a^aHHOH  op^HHaTe  kphboh  ^enpeccHH  3a  3KpaHOM  onpeflejiaeM 
paccTOimiie  ot  Hanajia  KOOp^HHaT  ^o  no^ouiBBi  HH30Boro  OTKOca: 

L  {H □  —  /Te)  m\  “I-  Hu  (§cp  ^3am)  /  Sin  0.  (2.61) 

4.  OpflHHaTy  KpHBoii  ^enpeccHH  h\  b  MecTe  BBixo^a  Ha  hh30boh  otkoc 
paccHHTBiBaeM  no  ypaBHeHHio  (2.59).  3Toro  o6o3HanHM  ypaBHeHne  (2.58) 
KaK  qn  /  kn  —  F\  (hc)  h  ypaBHeHne  (2.60)  KaK  qn  /  kn  =  F2  (he)  h  bbihhcjihm  hx 

3HaneHHe  B  3aBHCHMOCTH  ot  he. 

Bee  pacneTBi  npe^CTaBHM  b  BH^e  Ta6jiHH,Bi: 
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he,  M 

L,  M 

hi,  m 

Fi  (he) 

F  (he) 

10,0 

42,0 

3,0 

0,57 

1,26 

8,0 

48,0 

2,0 

0,94 

0,68 

6,0 

54,0 

1,4 

0,24 

0,33 

4,0 

60,0 

1,2 

0,45 

0,126 

2,0 

66,0 

1,0 

0,57 

0,022 

8,6 

46,0 

2,4 

0,82 

0,80 

Ha  OCHOBaHHH  3TOH  Ta6jIHU,bI  CTpOHM  rpacjDmcn  F\  =  qjkn(h3 )  H 
F2  =  qjkn(h3).  Upu  he=  8,6  m  F2  (he)  =FX  (he). 

5.  PaccHHTaeM  cjMJibTpaiiHOHHbiH  pacxofl  no  (J)opMyne  (2.60): 

qu  =  0,5  (8,62  -  2,42)  /  2  (46,2  -  2  •  2,4)  =  0,395  M3/cyT  Ha  1  nor.  m. 

6.  Onpe^enaeM  opflHHaTbi  KpHBon  ^enpeccnn  no  ypaBHeHnio 

y2  =  hy  -  (2 qn  /  kn )  x.  (2.62) 


PacneTBi  npe^CTaBHM  b  Bn^e  Ta6jinn,bi: 


X,  M 

0 

10,0 

20,0 

30,0 

40,0 

41,40 

2 qn  /  kn-  x 

0 

15,8 

31,6 

47,4 

63,20 

68,70 

2 

y 

74 

58,20 

42,40 

26,60 

10,80 

5,30 

y,  m 

8,6 

7,64 

6,50 

5,16 

3,28 

2,41 

npaBHJibHOCTb  (J)HJibTpau,noHHbix  pacneTOB  no,ziTBep5K,naeTca,  ecjin  npn 
x  =  L  —  m2h\  y  =  h,  t.  e.  x  =  46,2  -  2  •  2,4  =  41,4  m  ny  —  h  =  2,41  m. 

7.  Onpe^ejiaeM  cxopocTb  (|)HJibTpau,HOHHoro  noTOKa: 

v  =k  ■  J 

v  BBIX  ''BBIX? 


JBhm=Ay  /  Ax  =  (y5  -y6)  /  (x5  -x6)  =  (3,28  -  2,41)  /  (41,4  -  40,0)  =  0,62  <  Jaon  = 

=  0,75, 

Kux  =  K  •  JBMX  =  0,5  •  0,62  =  0,3 1  M/cyT. 

2.4.6.  IIjlOTHHa  C  3KpaHOM  H  flpeHaiKOM 
Ha  BO/jOHenpoHHUiaeMOM  ocHOBaHiiii 
npH  OTCyTCTBHH  BO/Jbl  B  HHiKHeM  6be<J)e 

PacneT  flpeHnpoBaHHon  nnoTHHbi  c  3KpaHOM  BbinomnnoT  no  (jjopMyjiaM 
qn/kn  =  (Hf  -  hy  -  Z2)  /  (2 bcpn  ■  sin  0),  (2.63) 

qn  /  kn  =  h2  /  2 La,  (2.64) 


r,ne  Z—  5cp  •  cos  0;  n  —  kn  /  k3. 


Ill 


r 0pn30HTajibHyK)  npoeKipno  KpiiBoii  ^enpeccrai  MO/Kiio  bbihhcjihtb  no 
(J)opMyne 

wi\  (//n  he)  +  bn  "l-  VH2  (7/n  hjj)  £  (Scp-^  ^3am)  /  sin  0,  (2.65) 

pne  e  -  BenHHHHa  3axo.ua  flenpeccnoHHon  KpHBon  b  .up eH aacHy  k>  npn3My,  npn- 
HHMaeTca  (0,05-0,06)  //(pnc.  2.25,  6). 

PacneT  KpHBon  flenpeccnn  npon3BO,zpiT  no  (jjopMyne 

y2  =  (h2/La)x.  (2.66) 

nP  h  m  e  p  7.  riocTpOHTB  KpHByio  .zjenpeccnn  n  onpe^ejinTb  yuejiBHBin 
<j)HJiBTpan,HOHHBin  pacxofl  an  a  njiOTHHBi  c  3KpaHOM  n  apena>KOM  npn  OTcyrcT- 
bhh  BOflBi  b  HH>KHeM  Steele  (pnc.  2.25). 


a 


6 


X 


Phc.  2.25.  PacMcmaH  cxeMa  (|)Hj[b  i  pauHH  ncpca  3CMJianyio  ruiOTHHy  c  3KpaHOM 
h  apeHaacoM  (a)  h  (j)paraeHT  apeHaacHOH  npH3Mbi  c  3axoaoM  aenpeccHOHHOH  kphboh  (6) 


,I(aHo:  bn  =  8,0  m;  Hn  =  15,0  m;  H\  =  12,5  m;  do  =  2,5  m;  m\  =  3,0;  m2  =  2,0; 
ha  =  3,0  m;  ba  =  1,0  m;  m3  =  1,0;  =  1,5;  k3  =  0,005  M/cyT;  SB  =  1,0  m; 

8h  =  3,0  m;  4am  =  1,0  m.  Yron  HaKJiOHa  3KpaHa  k  ocHOBaHHio  njiOTHHBi 
0  =  18°30';  sin  0  =  0,32;  cos  0  =  0,95. 

P  e  m  e  h  n  e.  1.  Onpe^enaeM  cpe^moio  TOJimnHy  3KpaHa: 

5cp  =  0,5  (5B  +  5H)  =  0,5  (1,0  +  3,0)  =  2,0  m, 


Z  =  5cp  cos  0  =  2,0  •  0,95  =  1,9  m, 


n  —  kn  /  k3  —  0,5  /  0,005  =  100, 
e  =  0,05  •  12,5  =  0,7  m. 

2.  HaxoflHM  roprooHTajiBHyio  npoeKipno  .aenpeccnonnon  kphboh  Ha  ocb  x. 
3a^,aBaacb  He  MeHee  Tpex  pa3  3HaneHnaMH  he,  BbinncnaeM  La  no  ypaBHe- 
HHK)  (2.65). 
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06o3HaHHM  ypaBHemie  (2.63)  KaK  qn  /  kn  =  F\  ( he )  n  ypaBHeHne  (2.64) 
KaK  qu  /  ku  =  F2  (he),  BBinncjnieM  nx  3HaneHmi.  PacneTBi  npeflCTaBjnieM  b  BH^e 
Ta6jiHu,Bi: 


K,  M 

L»  M 

Fx  (he) 

F 2  (he) 

10,0 

34,15 

1,46 

0,41 

6,0 

47,15 

0,38 

0,915 

3,0 

56,15 

0,08 

U2 

7,75 

41,90 

0,74 

0,74 

no  rpa(J)HKaM  Fi(he )  n  F2(he )  hjih  no,n6opOM  onpe^ejiaeM  3HaneHne 
he  =  7,75  m. 

npH  HaHfleHHOM  3HaneHHH  he.  HCK  BBIHHCJiaeM  COOTBeTCTByiOmHe  eMy  La, 
F\(he)  n  F2(he).  npH  3tom  F \(he)  .hojdkho  6bitb  paBHO  F2(he). 

Onpe^ejiaeM  no  ypaBHeHmo  (2.65)  3HaneHne  Ly. 

3,0  (15,0  -  7,75)  +  8,0  +  2,0  (15,0  -  3,0)  -  1,0  •  3,0  •  (2,0  +  1,0)  /  0,318  = 

=  41,9  m; 


F\  (he)  =  F2  (he)  =  0,74, 

t.  e.  paBeHCTBO  coSmo^aeTCM. 

3.  BbinncjiaeM  no  ypaBHeHHio  (2.64)  y/iejiBHBin  pacxo^: 

qn  =  kn he2 hck /  2 La  =  0,5  •  7,752  /  2  •  41,9  =  0,358  M3/cyr  Ha  1  nor.  m. 


4.  PaccnnTBiBaeM  opflHHaTBi  KpHBon  ^enpeccnn  no  (J)opMyne  (2.66),  ko- 

2 

Topaa  npn  he  =  7,75  m  h  La  =  41,9  m  npnMeT  bh^  y  =  l,43x.  PacneT  npe^CTaB- 
jiaeM  b  BH^e  Ta6jinu,Bi: 


X,  M 

0 

10,0 

20,0 

30,0 

41,90 

y 1  =  l,43x 

0 

14,3 

28,6 

42,9 

60,00 

y,  m 

0 

3,78 

5,35 

6,55 

7,75 

npaBHJiBHOCTB  (J)HJiBTpan,HOHHBix  pacneTOB  nOflTBepJK^aeTCB,  eCJIH 

x  =  La  =  41,9  M;y  =  he  =  7,75  m. 


2.4.7.  IIjIOTHHa  C  3KpaHOM  H  flpeHaiKOM 
Ha  BOflOHenpOHHpaeMOM  OCHOBaHHH 
npH  HaJIHHHH  BOflbl  B  HHiKHeM  6be(|)e 

PacneT  flpeHnpoBaHHon  njiOTHHBi  c  3KpaHOM  npn  ho  >  0  Be^yT  no  (J)op- 
MynaM: 

qn  /  kn  =  (Hi  -  he2  -  Z2)  /  (25cpn  •  sin  0),  (2.67) 

^n/^n  =  (Ae2-Ao2)/24,  (2.68) 
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y2  =  [(hc-h0)2x]/La,  (2.69) 

La  =  m x  ( Hn  -  he)  +  bn  +  m2  (Hn -  ha)  -a{m2  +  e-  (5cp  +  trdUl)  /  sin  0.  (2.70) 

riopflflOK  pacneTa  cjie^yiomHH: 

1.  OnpeflejiaeM  5cp  =  0,5  (5B  +  SH);  Z  —  5cp  •  cos  0;  n  =  ku/  k3.  3a#aeMcii  He 
MeHee  Tpex  pa3  3HaneHHiiMH  he  h  BBinHCJiaeM  La  no  ypaBHeHHio  (2.70). 

2.  06o3Hanaa  ypaBHeHne  (2.68)  KaK  qn  /  kn  =  Fx(he )  h  ypaBHeHne  (2.67) 
KaK  qu  /  ku  =  F2(he),  BBinHCJiaeM  hx  3HaHemni.  PacneT  npeflCTaBJiaeM  b  BH^e 
Ta6jIHU,BI. 

3.  no  TaSjiHHHtiM  ^aHHBiM  CTpOHM  rpacjiHK,  H3  tohkh  nepeceneHHn  KpH- 
bbix  onycxaeM  BepTHKanB  Ha  ocb  a6cu,ncc  h  HaxoflHM  he .  HCK  (cm.  Bbime). 

4.  3aHOCHM  /je.  hck  b  TaSjnmy,  BbiHHCJiaeM  cooTBeTCTByKDHiHe  eMy  3Hane- 
hhh  La,  Fx(he )  h  F2(he),  npn  3tom  Fx(he )  =  F2(he). 

5.  Haxo^HM  opflHHaTbi  KpHBBix  ^enpeccHH  no  ypaBHeHHio  (2.69).  Pacne- 
tbi  npeflCTaBJiaeM  b  BH^e  Ta6jiHu,bi. 

npaBHJibHOCTb  (J)HJibTpau,HOHHbix  pacneTOB  nOflTBepaCflaeTCH,  eCJIH  npn 
x  =  Lr  y  =  he-h0.  no  ypaBHeHHio  (2.68)  BBinHCJiaeM  y^ejiBHBiii  pacxo^. 

2.5.  OHJibTpauHOHHbiii  pacneT  3eMjiHHOH  njioTHHbi 

c  3KpaHOM  h  noHypoM  Ha  BoaonpoHHuaeMOM  ocHoeaHHH 

2.5.1.  IIjioTHHa  6e3  upeHaaca  npn  OTcyTCTBHH  boii.i  b  hmvkhcm  6be<l)e 

PacneTHan  cxeMa  (|)HJiBTpaii,HH  nepe3  njiOTHHy  npHBe^eHa  Ha  pnc.  2.26. 

PacneT  hjiothhbi  c  3KpaHOM  h  noHypoM  6e3  ApeHaaca  Be^yT  no  ypaBHe- 

hhum: 

qn/k0  =  T  (H{  -K)/n  (Ln  +  Lx)  =  K  /  L  (T  +  he  /  2  •  kn  /  k0),  (2.71) 

hx=L/m2-  ■sJl2  /  m22  -h\  ,  (2.72) 

q  n  t  kn  =  (h2  -hx2)  /  2  (L  -  m2hx),  (2.73) 

y2  =  h2  -  2(qn  /  kn )  x,  (2.74) 

r^e  qu  -  yziejiBHBii!  (J)HJiBTpaii,HOHHBiH  pacxo^  hjiothhbi;  T  -  rjiySnHa  Bo^onpo- 
HHii,aeMoro  cjioh  ocHOBaHHa  hjiothhbi;  Hx  -  TJiySnHa  boabi  b  BepxHeM  SBecjie, 
m;  he  -  opflHHaTa  KpHBoii  flenpeccnn  3a  3KpaHOM,  m;  n  -  K03(J)(J)HH,HeHT,  npHHH- 
MaeMBiii  ot  OTHOHieHHa  (Ln  +  Lx  +  L)  /  T;  Ln-  fljiHHa  noHypa,  m;  Lx  -  paccToa- 
Hne  ot  Hanajia  KOOpflHHaT  ^o  no^OHiBBi  3KpaHa;  hx  -  op^miaTa  KpHBoii  ^enpec- 
chh  npn  BBixo^e  ee  Ha  hh30boh  otkoc,  m;  L  -  paccToamie  ot  Hanajia  KOop^HHaT 

R O  nOflOHIBBI  HH30B0T0  OTKOCa,  MJ  m2  ~  K03(J)(j)HU,HeHT  HH30B0T0  OTKOCa  nJIOTH- 
hbi;  x,  y  -  nepeMeHHBie  a6cu,ncca  h  op^HHaTa,  OTKJia^BiBaeMBie  ot  Hanajia  ko- 
OpAHHaT,  M. 
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Phc.  2.26.  PacHCi  iiaa  cxeMa  (|)Mj[bipauHH  wcpc3  acvuianyio  ruiOTHHy 
c  3KpaHOM  h  noHypoM  6e3  apcna>Ka  iipn  OTcyTCTBHH  boam  b  iim/Kiicm  6bcc|)c 


nP  h  m  e  p  8.  IIocTpOHTb  KpHByio  .zjenpeccnn  h  onpe^euHTb  yuejiBHBin 
(J)HJIBTpaU,HOHHLIH  paCXOfl  nJIOTHHBI. 

^aHo:  Hi  =  24,0  m;  d0  =  3,0  m;  Hn  =  27,0  m;  mnpnHa  no  rpe6mo  njiOTHHBi 
bn  =  20,0  m;  b\  =  8,0  m;  T  =  48,0  m;  Ln  =  135,0  m;  nil  =  3,5;  m2  =  2,5; 
kn  =  2,5  m/ cyT;  k0  =  3,2  M/cyT. 

P  e  m  e  h  n  e.  1.  ITo  ypaBHeHHK)  (2.71)  no^SopOM  onpeflejnieM  he,  p,nn 
3Toro  o6o3HannM  neByio  nacTB  ypaBHeHna  KaK 

T(Hl-he)/n(Ln+L1)  =  Fl(he), 

npaByio  nacTB  ypaBiiemia  KaK 

het  L  (T  +  he/  2  •  kn/  k0)  =  F2  (he). 

HaxoflHM 

L\  =  m{he;  L  =  mi  ( Hn  -  he)  +  bi  +  b6  +  m2  Hn, 

B  —  Li  +  L  —  bi  +  b§  +  Hn  (mi  +  m2). 

3a^aeMCM  he  =  9,5;  9,52;  9,53;  9,55  m. 

BBinncnaeM  B  =  8,0  +  3,0  +  27,0  (3,5  +  2,5)  =  173,0  m. 

OTHomeHne  (Ln  +  L{  +  L)  /  T=  (135,0  +  173,0)  /  48  =  6,4. 
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Bn.  3.3  3HaneHHio  6,4  cooTBeTCTByeT  K03(|)(f)m],HeHT  n  =  1,17  (cm.  ncnic- 
HeHna  k  (jjopMyne  (2.41)). 

npH  OpflHHaTe  KpHBOH  ^enpeCCHH  3a  OKpaHOM  he  =  9,50  m  HMeeM: 

L{  =  9,50  •  3,5  =  33,25  m, 

L  =  B -Lx=  173,0-33,25  =  139,75  m, 

Fx(he)  =  48,0  / 1,17  •  (24  -  9,50)  /  (135,0  +  33,25)  =  3,54, 

F2(he)  =  9,5  /  139,75  •  (48,0  +  9,5  /  2  •  2,5  /  3,2)  =  3,52. 

npn  op^HHaTe  he  =  9,55  m  nonynaeM  Li  =  33,43  m;  L  —  139,58  m; 
Fi(he)  =  3,58;  F2  (he)  =  3,53. 

npn  hs  =  9,53  m  HMeeM  L{  =  33,4  m;  L  =  139,6  m;  Fx(he )  =  3,53; 
F2{he)  =  3,54. 

npn  he  =  9,52  m  L\  —  33,3;  L  =  139,7  m;  F\(he)  =  3,53;  F2(he)  =  3,53. 
CneflOBaTejiBHO,  npHHHMaeM  op^HHaTy  he  =  9,52  m,  npn  KOTOpon 
Fx(he)~F2(he). 

2.  BbinHCJMeM  opflHHaTy  kphboh  ^enpeccnn  npn  Bbixo^e  (j)HJiBTpau,noH- 
Horo  noTOica  Ha  hh30boh  otkoc  njiOTHHBi  no  (jjopMyne  (2.72): 

h{  =  L/m2  ~^L2  / m22  -h:  =139, 68/2, 5=^139, 682 /2, 52-0, 522  =0,82. 

3.  npOMe>KyTonHBie  opflHHaTbi  KpHBon  ^enpeccHH  onpe^ejiaeM  no  (j)op- 
Myne  (2.74). 

npe^BapHTejiBHO  no  (J)opMyjie  (2.73)  HaxoflHM  OTHomeHne 

qj  K  =  (he  -hi2)  /  2  (L  -  m2h\ )  = 

=  (9,522  -  0,822)  /  2  (139,68  -  2,5  •  0,82)  =  0,327. 

Toryia  pacneTHoe  ypaBHeHne  npnMeT  bh^ 

y2  =  9,522  -  0,3272  •  x. 

3a^aeMCM  3HaHemniMH  x  ot  0  ro  L  -  m2hi  =  139,68  -  2,5  ■  0,8  =  137,63. 
BtiHHCjnieM  3HaneHna  y.  PacneT  npe^CTaBJiaeM  b  Bn^e  Ta6jinu,bi: 


X,  M 

0 

10 

25 

50 

80 

110 

125 

136 

137,7 

0,654x 

0 

6,54 

16,35 

32,70 

52,32 

71,94 

81,75 

88,94 

90,01 

2 

y 

90,63 

84,09 

74,28 

57,93 

38,31 

18,69 

8,88 

1,69 

1,62 

y 

9,52 

9,18 

8,62 

7,61 

6,18 

4,32 

2,98 

1,30 

0,80 

4.  OnpeflejweM  yflejiBHBin  (J)njiBTpau,HOHHbin  pacxo,zi  nepe3  Teno  nnoTH- 
hbi  n  ocHOBaHne  no  (J)opMyne 

q~  3,2  •  (9,52  /  139,68)  (48,0  +  9,52  /  2  •  2,5  /  3,2)  =  1 1,28  M3/cyT  Ha  1  nor.  m. 

5.  PaccHHTbiBaeM  cxopocTb  (J)HJibTpan,noHHoro  noTOica  npn  Bbixo^e  Ha 
HH30BOH  OTKOC: 
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*  bbix  fin  *  •-'max  —  '  Zion* 

MaXCHMaJIBHBIH  yKJIOH 

Jmax=  (ys  - y9)  /  (x9-x8)  =  (1,30  -0,80)/  1,63  =0,31, 

VmAX  =  2,5  •  0,31  =  0,77  M/cyT. 

^onycraMyK)  cxopocTB  nporaB  cy(J)(|)03HH  onpe^ejiaeM  no  (j)opMyjie  3n- 
xapflTa  -  rpnniHHa  [10]: 

Vaon  =  y]k&/\5m  =  ^2,5/86400/30  =  0,000  058  m/c  hjih  Vnon=  5,02  M/cyT 

(/ m  -  ko3(|)(|)hu,hcht  3anaca,  paBHBin  2, 0-2, 5).  no  ^aHHBiM  pacneTa  Mexamrae- 
cxon  cy(J)(|)03HH  He  6y/ieT,  Tax  xax  VBblx  =  0,77  <  VAOn  =  5,02  M/cyT. 

2.5.2.  IIjioTHHa  6e3  ^peHaiKa 
npH  HaJIHHHH  BOflbl  B  HMiKHeM  6be<J)e 

PacneT  njiOTHHbi  c  axpaHOM  n  noHypOM  6e3  .zipeHa^xa  Be^yT  no  ypaBHe- 

HH3M 

qj  k0=T  (Hx  +  he)  /  n  (Lu  +  L{)  = 

=  (he  -ho)  /  L  [(T  +  (he  +  ho)  /  2  •  ka  /  ko] ,  (2.75) 

hl-ho  =  L/m2-slL2lm2-(hk-ho)2  ,  (2.76) 

r,ne  ho  -  TJiySnHa  boabi  b  hh^khcm  6Becj)e. 

2.5.3.  ILnoTHHa  c  ^peHaiKOM 

npH  OTCyTCTBHH  BO/Jbl  B  HH5KHCM  6be<J)e 

PacLieT  nnoTHHBi  c  3xpaHOM,  noHypOM  n  npena>KOM  Be^yr  no  ypaBnennjiM 
qn  /ko  =  T  [{Hx  -  he)  ln(Lo  +  Lx)\  =  hJL{T+hJ2-  kn  /  k0),  (2.77) 

A,  =  yy+h^-L,  (2.78) 

e  =  ht/2,  (2.79) 

y2  =  2hx-x,  (2.80) 

r,ne  e  -  BejiHHHHa  3axo^a  xpHBoii  ^enpeccnn  b  ,npeHa5xax. 

nP  h  m  e  p  9.  IIocTpOHTB  KpHByio  .nenpeccnn,  onpe^ejinTB  y^ejiBHBin 
(|)HJiBTpau,HOHHBiH  pacxo#  nnoTHHBi.  Pa3MepBi  nnoTHHBi  Taxne  >xe,  xax  H  B 
npnMepe  8  (pnc.  2.27).  BxicoTa  ^peHa^xa  ha  =  (0,15-0,18)  Hn  =  4,0  m;  xo3(j)(j)H- 
pneHT  BHyTpeHHero  OTxoca  ^peHa^xa  m3  =  1,5. 

P  e  m  e  h  n  e.  1.  IIo  ypaBHeHHK)  (2.77)  no^SopOM  onpe^ejiaeM  he.  3a^a- 
eMca  he  =  9,10;  9,00;  8,99  m. 
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06o3HanaeM  Tin  [(Hi  -  he)  /  ( Ln  +  Li)\  =  F\  (he),  hel  L[(T+ hel  2  ■  knl  Z0)]  = 
=  F2(he). 

BtiHHCJiaeM  B  =  b\  +  b5  +  Hn  (mi  +  m2)  =  8  +  3  +  27,0  (3,5  +  2,5)  =  173,0  m, 

4  =  (m2  +  m3)  =  4,0  (2,5  +  1,5)  =  16  m;  3a^aeMca  BejiHHHHOH  e  —  0,16  m. 


Phc.  2.27.  PacHcmaa  cxeMa  (jmjibTpauMM  ncpc3  iuiOTHHy  c  aicpaHOM, 
noHypoM  h  apcna>KOM  npn  otcytctbhh  bo^w  b  iih/Kiicm  6bcc|)e 

npii  opflHHaTe  KpiiBOH  .nenpeccHii  3a  3KpaHOM  he  —  9,10  m  HMeeM 

Li  =  mih2  =  3,5  •  9,1  =  31,85  m, 

L  =  B-h  -4  +  e  =  173,0-31,85-  16,0  +  0,16=  125,31  m. 

OTHomeHHe  (Ln  +  h+L)  /  T=  (135,0  +  31,85  +  125,31)  /  48,0  ~  6,03. 
3HaneHHK)  6,03  cooTBeTCTByeT  n  =  1,17  (cm.  n.  3.3).  Toryja 

Fi(he)  =  48,0/1,17  •  (24,00  -  9,1)  /  (135,0  +  31,85)  =  3,6512, 

F2(he)  =  9,1  / 125,31  [(48,0  +  (9,1  /  2)  •  (2,5  /  3,2)]  =  3,751. 

ITpH  he  =  8,99  m  HMeeM 

L\  =  3,5  •  8,99  =  31,46  m,L=  157,16-31,46  =  125,70  m, 

Fi(he)  =  3,7005;  F2(he)  =  3,6930. 

3HaHeHHio  he  =  9,0  m  cooTBeTCTByeT 

Lx  =  3,5  •  9,0  =  31,50  m,  Z  =  157,16  -  31,50  =  125,66  m, 

Fx(he)  =  3,6964,  F2(Ae)  =  3,6895. 

CjieflOBaTejiBHO,  npHHHMaeM  op^HHaTy  KpHBoii  ^enpeccHH  3a  3KpaHOM 
he  =  9,00  m,  Toryia  Zi(/?e)  ~  F2(/*e). 

2.  Op^HHaTy  KpHBoii  AenpeccHH  b  Hanane  flpeHa^Ka  BBiHHCJiaeM  no  (f)op- 
Myjie  (2.78): 

/*!=  ^(L2  +  h:)-L  =  7(125, 662  +  9, 02)  -  125,66  =  0,32  m. 
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npOMe>KyTOHHLie  opflHHaTM  KpHBOH  ^enpeccnn  b  Tene  nnoTHHBi  onpe^e- 
jweM  no  (f)opMyjie _y2  =  2h\X  =  0,64x. 

3.  3a^aBa5icb  3HaneHH5iMH  x  ot  0,16  %o  L  —  125,66  m,  BBinHcmieM  3Hane- 

h  nay: 


X,  M 

0,16 

5,0 

15,0 

35,0 

65,0 

105,0 

125,66 

2h\x 

0,102 

3,2 

9,6 

22,4 

41,6 

67,2 

80,4 

y,  m 

0,32 

1,79 

3,10 

4,74 

6,45 

8,20 

8,97 

4.  YflejiBHBin  (j)HJiBTpau,HOHHbiH  pacxo,zi  nepe3  Teno  njiOTHHBi  n  ocHOBa- 
Hne  BBinncjiaeM  no  (jjopMyne 

q  =  3,2  •  (9,0  / 125,66)  [48,0  +  (9,0  /  2,0)  •  (2,5  /  3,2)]  =  1 1,79  M3/cyT  Ha  1  nor.  m. 


2.5.4.  ILiioTHHa  c  ^peHaiKOM 
npH  HaJIHHHH  BOflbl  B  HHiKHeM  6be(|)e 

PacneT  njiOTHHbi  c  3KpaHOM,  noHypOM  n  ^peHa^KOM  npn  Hajinnnn  boabi  b 
HHJKHeM  6be([)e  Be^yT  no  ypaBHeffiMM 

qlkQ  =  Tin  [H-  (he  +  h0)]/Ln  +  mx(he  +  h0)  = 

=  he/L[(T  +  (h0  +  hj  2)  kj  k0)l  (2.81) 

ht=TT+hf)-L.  (2.82) 

nP  h  m  e  p  10.  IIocTpOHTB  KpHByK)  ^enpeccnn,  BBinncjiHTB  yflejiBHBin 
(|)HJlBTpaU,HOHHBIH  paCXOfl  njiOTHHbi.  Pa3MepBI  nJlOTHHBI  TaKHe  5Ke,  KaK  B  npn- 
Mepe  8.  TnySHHa  boabi  b  hhjkhcm  6Bec|>e  h0  =  2,0  m;  K03(J)(])Hii,HeHT  BHyrpeHHe- 
ro  OTKOca  ^peHa^Ka  m3  =  1,5;  hA  =  4,0  m  (pnc.  2.28). 

PemeHne.  1.  IIo  ypaBHeHnio  (2.81)  no^SopOM  onpeflejweM  he.  3a^a- 
eMca  3HaneHH3iMH  he  =  8,5;  8,10;  8,04;  8,02  m. 

0603HaHHM 

Tin  \H\  -  (he  +  h0)]  /  Ln  +  mx  ( he  +  h0 )  =  Fx  (hs), 
hJL[T+  (ho  +hj  2)  K  /  *o)]  =  F2  (he). 

ITpn  opflHHaTe  KpHBon  ^enpeccnn  3a  axpaHOM  he  =  8,5  m  HMeeM 
Lx  =  mi  (he  +  ho)  =  3,5  (8,5  +  2,0)  =  36,75  m, 

B  =  b\  +  bo  +  7/njI  (m,\  +  mi)  =  8,0  +  3,0  +  27,0  •  (3,5  +  2,5)  =  173,0  m, 

La  =  hn  (m2  +  m3)  =  1 6,0  m, 
e  =  0,13  m, 

Li  =  hom-i  =  1,5  •  2,0  =  3,0  m, 

L  =  B-la  +  Li-Li  +  e=  173,0 - 36,75  -  16,0  +  3,0  +  0,13  -  123,38. 
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3HaHemie  nonpaBOHHoro  K03(j)(j)Hi],iieHTa,  KaK  h  b  npeflBiflyiu,Hx  npnMe- 
pax,  n  =  1,17.  Toryja 

F\(hc)  =  41,0256  •  [24,0  -  (8,5  +  2,0)]  /  (135,0  +  3,5  (8,5  +  2,0))  -  3,225, 
F2(he)  =  8,5  /  123,38  [48,0  +  (2,0  +  8,5  /  2)  •  0,78125]  =  3,638. 


a 


Phc.  2.28.  PacHCTiiaa  cxeMa  (|)Mj[bipaL[HH  ncpca  ruiOTHHy  c  axpaHOM, 
noHypoM  h  apeHaacoM  npn  najiHMHH  Boaw  b  iih/Kiicm  6bC(|)c: 
a  -  o6maa  cxeMa;  6  -  aeTajib  apenaaca  c  aenpeccHOHHOH  kphboh 

ITpH  hs  =  8,1  m  HMeeM  Lx  =  35,35  m,  L  =  160,13  -  35,35  =  124,78  m, 
F,  (he)  =  3,3477,  F2  (he)  =  3,4200. 

ITpH  he  =  8,04  m  nonynaeM  Lx  =  35,14  m,  L  =  160,13  -  35,14  =  124,99  m, 
F\  (he)  =  3,3641,  F2(Ae)  =  3,3888. 

ITpH  he  =  8,02  m  HMeeM  Lx  =  35,07  m,  L  =  160,13  -  35,07  =  125,06  m, 
Fx  (/ie)  =  3,3723,  F2(Ae)  =  3,3793. 

Cae^OBaTejiBHO,  npHHHMaeM  op^HHaTy  kphboh  ^enpeccHH  3a  3KpaHOM 
he  =  8,02  m,  npn  3tom  Fx(he)  ~  F2(he). 

2.  OpflHHaTBi  KpHBoii  .nenpeccnn  b  Hanaae  ,npeHa>Ka  BtiHHCJiaeM  no  (f)op- 
Myae  (2.82): 
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hx  =  yf( 125,062-8,022)  -  125,6  =  0,26  m. 

HaxoflHM  npOMOKyTOHHbie  opanHaTbi  KpHBoii  aenpeccHH  b  Teae  naoTH- 
hbi  no  (jDOpMyae  (2.80): 

y2=2h\X  =  0,52x. 


3aaaBHiHCb  3HaneHHaMH  x  ot  0,13  m  ao  L,  BbinncaaeM  3HaneHney: 


X,  M 

0,13 

1,0 

5,0 

15,0 

50,0 

100,0 

125,06 

2h\x 

0,068 

0,52 

2,60 

7,80 

26,0 

52,0 

65,02 

y,  m 

0,26 

0,72 

1,62 

2,80 

5,10 

7,23 

8,06 

3.  YaeabHbiH  (J)naBTpau,HOHHBin  pacxoa  nepe3  Teao  naoTHHbi  n  ocHOBa- 
Hne  onpeaeaaeM  no  (J)opMyjie  (2.81): 

q  =  3,2  •  8,02  /  125,06  [48  +  (2,0  +  8,02  /  2)  •  2,5  /  3,2]  = 

=  3,2  •  3,38  =  10,80  M3/cyr  Ha  1  nor.  m. 

Bo  Bcex  (j)HaBTpau,HOHHBix  pacneTax  3eMJMHBix  nnoTHH,  KpOMe  yaeabHO- 
ro  (|)HabTpau,noHHoro  pacxoaa,  HeoSxoanMO  3HaTB  o6ihhh  (J)nabTpau,noHHBin 
pacxoa  nepe3  Teao  naoTHHbi  n  ee  BoaonpoHHpaeMoe  ocHOBamie,  Tax  xax  npax- 
TnnecKH  rpyHTOBbie  naoTHHbi  B03BoaaT  Ha  ocHOBamiax  c  K03(|)(|)nu,HeHTOM 
(|)HaBTpau,nH  6oaee  Hyaa. 

npn  BoaonenpommaeMOM  ocHOBaHnn  rnapaBannecKne  pemeHna  npHMemi- 
TeaBHO  k  pasaHHiibiM  caynaaM  ocyuiecTBaaiOT  6a3npyacb  Ha  npeanocbiaKax,  npHH- 
miniiaabiio  cxo'/Khx  c  paccMOTpeHHbiMH  Bbirne  (oSaacTb  c[)HabTpau,HH  pa36iiBai0T 
Ha  paa  xapaxTepHbix  30H,  cxeMaTH3HpyiOT  iianpaBaemie  anHHH  Toxa).  B  HacToa- 
uiee  BpeMa  HMeeTca  paa  rnapaBaHHecxHx  pememiH  aaa  paianmibix  pacHeTiibix 
caynaeB,  BCTpenaiouHixca  Ha  npaxTHxe  (aaa  naoTHH  c  pa  3a m  li  1 1  bi m h  xnnaMH  npo- 
THBO(J)HabTpaii,HOHHbix  h  apeiiaaoibix  ycTponcTB,  pacnoao'/xemibix  Ha  BoaonpoHH- 
uaeMbix  ocHOBaHHax  KonemiOH  h  oecKoneHnoil  rayomibi,  npn  paiaiiHiibix  cootho- 
rneHHax  k 03 (}j (}j  h  u h e  n t o  b  (|)HabTpau,HH  rpyHTOB  Teaa  naoTHHbi  h  ocHOBaHHa). 

2.5.5.  06man  (JjiiabTpaiiMH  3eMaHHbix  iijiothh 

BoaonpOHHpaeMoe  ocHOBaHne  noa  3eMaaHOH  naoTHHon  ycaoacHaeT  yc- 
aoBHa  npHaoaceHHa  (J)HabTpau,HOHHoro  noTOxa,  npoxoaamero  oaHOBpeMeHHO 
nepe3  naoTHHy  h  ocHOBamie  (cm.  pnc.  2.15). 

B  HHaceHepHOH  npaxTHxe  nacTO  ncnoab3yK)T  npeaaoaceHHe  H.  H.  ITaB- 
aoBexoro  [14],  coraacHO  xoTOpOMy  npn6aH>xeHHO  yaeabHbiil  pacxoa  q  naoTH- 
hbi  Ha  npoHHpaeMOM  ocHOBaHHH  mo>xho  BbiHHcaHTb  xax  cyMMy  aeyx  pacxoaoB, 
o  neM  6biao  cxa3aHO  Bbirne,  a  hmchho  pacxoaa  nepe3  naoTHHy  Ha  HenpOHHpae- 
mom  ocHOBaHHH  q\  h  pacxoaa  nepe3  ocHOBamie  q2.  BeananHy  nocaeaHero  yc- 
TaHaBaHBaiOT  ncxoaa  H3  cxeMbi  aBHaceHHa  HanopHoro  rpyHTOBoro  noTOxa  noa 
ycaoBHO  HenpOHHpaeMOH  naoTHHon: 
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(2.83) 


q2  =  co  •  V, 

r,ne  co  -  >KHBoe  ceneHHe,  co  =  T  ■  1;  V—  cpeflHaa  ckopoctb  (j)HJiLTpau,rai. 

ITo  (J)opMyjie  Jlapcu 

V=  k0  ■  J,  (2.84) 

T^e  ko  -  K03(})(J)HU,HeHT  (|)HJIBTpai],HH  OCHOBaHHa;  J  -  nBe30MeTpHHeCKHH  yKJlOH 
c|)HJibTpau,HOHHoro  noTOKa, 

J=U/nL, 

H  -  aeHCTByiomiiH  Hanop;  nL  -  cpeanaa  /pirnra  nym  cjiHJiBTpaiiHH  non  miOTH- 
HOH  C  HIHpHHOH  nO  OCHOBaHHK)  L;  fl  OnpefleJiaKDT  B  3aBHCHMOCTH  OT  OTHOme- 

hhh  L  /  T: 


LIT 

20 

5 

4 

3 

2 

1 

n 

1,15 

1,18 

1,23 

1,30 

1,44 

1,87 

TaKHM  o6pa30M,  pacxon  nepea  ocHOBaHHC  iijiothhbi  mojkho  bbihhcjihtb  KaK 

q  =  (£>  •  V=  k0  ■  HT /  nL.  (2.85) 


Phc.  2.29.  PacHCTiiatt  cxeMa  naa  onpcacjicnna  o6mero 
(|iMj[bi  pauHomioi  o  pacxoaa  ncpca  tcjio  bcmjihiioh  iuiOTHHbi 

Hiviefl  b  BHay,  hto  pacxon  nepea  Teno  iijiothhbi  q  mojkct  6bitb  noncwHTan 
H3  npciBefleHHBix  BBime  cJ)opMyji,  oSiiuih  ynejiBHBiH  pacxon  iijiothhbi  Ha  npo- 
HIIH,aeMOM  OCHOBaHHH  COCTaBHT  Q  —  qi  +  q2. 

,U,jia  3toto  aeixunuiyio  njiOTHHy  pa36HBaiOT  no  nanne  Ha  pan  yiacTKOB 
fljiHHOii  l\,  l2 ,  h,  ...,  l„,  flJia  KOTOpBix  cpenHHe  HanopBi  bo^bi  nepen  hjiothhoh 
6ynyr,  cooTBeTCTBeHHO,  H\,  H2,  H2,  (pnc.  2.29). 

CHanajia  no  npiiBeneHHBiM  BBime  c|)opMyjiaM  onpeneJiaiOT  cj)HJiBTpau,HOH- 
HBie  pacxo^Bi  fljia  icaacnoro  ynacTica  ot^cjibho  b  3aBHCHMOCTH  ot  Tuna  njiOTH- 
hbi:  qu  q2,  q2,  ...,  q„.  06ih,hh  (jjHJiBTpapHOHHBiii  pacxon  nepe3  Teno  hjiothhbi  Q, 
M3/cyT,  SyneT  paBeH  cyMMe  pacxonoB  OT^ejiBHBix  ynacTKOB: 

Q  =  <7i^i  +  <?2^2  +  q2L2  +  . . .  +  qnLn . 
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2.6.  PacneT  ocaaKH  rpyHTOB 
OCHOBaHHH  3eMJlHHOH  nJIOTHHbl 

Oca^Ka  hjiothhbi  CKna^BiBaeTca  m  oca^KH  Tejia  hjiothhbi  h  oca^KH 
rpyHTOB  ocHOBaHHa.  B  npopecce  B03Be,neHHa  hjiothhbi  HacBinB  ynjiOTHaeTca. 
IIoaTOMy  CHHTaeTca,  hto  /lajiBHeHinee  ynjiOTHeHHe  no,n  fleiiCTBHeM  coSctbch- 
Horo  Beca  He  nponcxo^HT.  Ochobhbic  ^e(j)opMau,HH  B03HHKaK)T  H3-3a  ynjiOTHe- 
HHa  rpyHTOB  ocnoBanna  BecoM  hjiothhbi.  BejiHHHHa  stoh  oca^KH  S,  cm,  onpe- 
^ejiaeTca  no  (J)opMyne 

S=T(e1-e2)/(l+e1),  (2.86) 

r,ne  T  -  TOJiniHHa  cacHMaeMoro  ocHOBaHHa  hjiothhbi,  cm;  e\  -  K03(f)(f)Hii,HeHT 
nopHCTOCTH  rpyHTa  ocHOBaHHa  hjiothhbi  b  cctcctbchhom  cocToaHHH;  e2  -  to 
ace  nocjie  B03Be,neHHa  HacBinn. 

nP  h  m  e  p  11.  OnpeflejiHTB  BejiHHHHy  oca^KH  rpyHTa  3eMJiaHOH  njio- 
THHBI  (pHC.  2.30)  [15]. 

^aHo:  pacTHTejiBHBiii  cjioh  T\  =  0,4  m;  y^ejiBHBiii  Bee  npn  ecTecTBeHHoii 
BJiaacHOCTH  yi  =  1,6  t/m  ;  cynecB  T2  =  3,6  m;  y2  =  1,9  t/m  ;  cyrjiHHOK  T3  =  8,0  m, 
y3  =  1,88  t/m  .  HacBinB  Tejia  hjiothhbi  H3  cyrjiHHKOB  c  ynjI  =  1,89  t/m  ;  Hnjl  = 
22,5  m;  mnpHHa  hjiothhbi  no  rpe6mo  bn]1  =  12,0  m;  K03(J)(j)Hu,HeHT  BepxoBoro 
OTKoea  m\  =  3,25;  mooBoro  m2  =  2,5;  moihhoctb  cacHMaeMoro  rpyHTa  ocHOBa- 
Hna  T  =  T\  +  T2  +  T3  —  12,0  m,  HHace  rpyHT  n parr m nee km  HecacHMaeM. 

P  e  hi  e  h  h  e.  1.  BBinncjiaeM  HanpaaceHHe  b  cepe^HHe  cacHMaeMoro  cjioa 
rpyHTa  ocHOBaHna  hjiothhbi  b  ecTecTBeHHOM  cocToaHnn: 

cti  =  YcPB3B  •  Tl  2,  (2.87) 

r^e  ycpB3B  =  (7) yi  +  T2 y2  +  T3 y3)  /  (7)  +  T2  +  T3)  =  (0,4  •  1,6  +  3,6  •  1,9  +  8,0  x 

xl,88)  /  (0,4  +  3,6  +  8,0)  =  22,52  /  12,0  =  1,88  t/m3  =  18,443  kH/m3, 

cti  =  1,88  •  6,0  =  1 1,28  t/m2,  hjih  Gi  =  1,13  kt/cm2  =  1 10,853  kH/m2. 

ITojiB3yacB  KOMnpeccHOHHOH  KpHBoii  (pnc.  2.30,  e ),  Haxo^HM  cpe^He- 
B3BemeHHBIH  K03(J)(|3HU,HeHT  nopHCTOCTH  rpyHTa  OCHOBaHHa  naOTHHBI  npH  G  = 

Gi  =  1,13  kt/cm”,  t.  e. 

e\  =  \e\  Cyn  {T\  +  T2)  +  e2  cyr  •  T3]  /  (7)  +  T2  +  T3 )  = 

=  [0,71  (0,4  +  3,6)  +  0,52  •  8,0]  /  (0,4  +  3,6  +  8,0)  =  0,58. 

,Z],jia  onpe,nejieHHa  HanpaaceHHa  b  cepe^HHe  cacHMaeMoro  cjioa  nocjie 
B03BefleHHa  hjiothhbi  nojiB3yeMca  mcto^om  npocjieccopa  H.  A.  I^BiTOBHra 
(pnc.  2.30,  6)  [17]. 

2.  /lea  mm  nonepenHBiH  npotjauiB  iijiothhbi  Ha  Tpn  (])HrypBi:  jicbbim  Tpe- 
yroaBHHK,  cpeamoio  nacTB  -  npaMoyrojiBHHK  h  npaBBiH  TpeyrojiBHHK.  3aTeM  bbi- 
HHCJiaeM  OTHomeHHa  Z  /  b  iiy  /  b,  no  kotopbim  H3  Tao;i.  2.6  h  2.7  npHHHMaeM  Bep- 
THKajiBHBie  HanpaaceHHa  G-,  BBipaaceHHBie  b  aojrax  ot  hht6hchbhocth  Harpy3KH. 
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3.  HanpfljKemie  b  TOHKe  B  ot  Hacbimi  6y#eT 

—  Yiui  Hm  =  1,89  •  22,5  =  42,52  t/m2. 

Hanpa/Keinie  b  tohkc  C  naxoanivi  KaK  cyMMy  ot  OTreabiibix  Tpex  Harpy- 
30K  -  ot  aeBoro  TpeyrojibHHKa,  cpe^Heii  nacTH  h  npaBoro  TpeyrojibHHKa. 


Phc.  2.30.  K  pacneTy  oca^KH  ocHOBamia  3eMJi»HOH  iuiothhij: 
a  -  o6maa  cxeMa;  6  -  cxeMa  pacnpeaejieHHJi  Harpy3KH  ot  Hacbinn; 
e  -  KOMnpeccHOHHbie  xpHBbie 

OnpeaeaaeM  nanpa’/Kemie  ot  Harpy3KH  neBoro  TpeyrojibHHKa.  ototo 
naxoaHM 

Z!  b  =  T/  (mi  ■Hm)=  12,0/(3,25  -22, 5)  =  0,164, 
y/b  =  (ni\Hnn  +  bnn  /  2)  /  {mxHna)  -  (3,25-22,5  •  (12,0/2))  /  (3,25  •  22,5)  =  1,08. 
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IIo  Ta6n.  2.6  oz  =  0,38,  Tor^a  Gi  =  oz,  aB  =  0,38  •  4,25  =  1,62  kt/cm“  ~ 
~  158,9  kH/m2  [17]. 

Hanpa>KeHHe  ot  cpe^Heii  nacTH  npn  Z  /  b  =  T  /  bnn  =  12,0  /  12,0  =  1  h 
_y/6  =  0/12  =  0no  Ta6ji.  2.6  gz  =  0,55  n  o2  =  oz  •  a3  =  0,55  •  4,25  =  2,34  Kr/cM2  ~ 
~  229,6  kH/m2. 


TaojiHua  2.6 


3Ha«ieHHfl  iiaiipH'/K'ciiuii  az,  BbipaaceHHbie  b  /iojihx 
ot  HHTeHCHBHOCTH  paBHOMepHO  pacnpeaeJieHHOH  HarpysKH 


z/b 

y/b 

0 

0,25 

0,50 

1,00 

1,5 

2,0 

0 

1,00 

1,00 

0,50 

0 

0 

0 

0,25 

0,96 

0,90 

0,50 

0,02 

0 

0 

0,50 

0,82 

0,74 

0,48 

0,08 

0,02 

0 

0,75 

0,67 

0,61 

0,45 

0,15 

0,04 

0,02 

1,00 

0,55 

0,51 

0,41 

0,19 

0,07 

0,03 

1,25 

0,46 

0,44 

0,37 

0,20 

0,10 

0,04 

1,50 

0,40 

0,38 

0,33 

0,21 

0,11 

0,06 

1,75 

0,35 

0,34 

0,30 

0,21 

0,11 

0,07 

2,00 

0,31 

0,31 

0,28 

0,20 

0,13 

0,08 

3,00 

0,21 

0,21 

0,20 

0,17 

0,135 

0,10 

4,00 

0,16 

0,16 

0,15 

0,14 

0,12 

0,10 

5,00 

0,13 

0,13 

0,12 

0,12 

0,11 

0,09 

6,00 

0,11 

0,10 

0,10 

0,10 

0,10 

- 

TaSjiHua  2.7 

3HaHeHHfl  nanpavKemm  cz,  Bbipa/KCHHbic  b  /jojiax 
ot  HHTeHCHBHOCTH  p ,  HMeH)uieHCH  no  TpeyroJibHHKy 


z/b 

v/b 

-1,5 

-1,0 

-0,5 

0 

0,25 

0,50 

0,75 

1,0 

1,5 

2,0 

2,5 

0,00 

0 

0 

0 

0 

0,250 

0,500 

0,750 

0,500 

0 

0 

0 

0,25 

- 

- 

0,004 

0,075 

0,256 

0,480 

0,643 

0,424 

0,015 

0,003 

- 

0,50 

0,002 

0,003 

0,023 

0,127 

0,263 

0,410 

0,477 

0,353 

0,056 

0,017 

0,003 

0,75 

0,006 

0,016 

0,042 

0,153 

0,248 

0,335 

0,361 

0,293 

0,108 

0,024 

0,009 

1,00 

0,014 

0,025 

0,061 

0,159 

0,223 

0,275 

0,279 

0,241 

0,129 

0,045 

0,013 

1,50 

0,020 

0,048 

0,096 

0,145 

0,178 

0,200 

0,202 

0,185 

0,124 

0,082 

0,041 

2,00 

0,033 

0,061 

0,092 

0,127 

0,146 

0,155 

0,163 

0,153 

0,108 

0,069 

0,050 

3,00 

0,050 

0,064 

0,080 

0,096 

0,103 

0,104 

0,108 

0,104 

0,090 

0,071 

0,050 

4,00 

0,051 

0,060 

0,067 

0,075 

0,078 

0,085 

0,082 

0,075 

0,073 

0,060 

0,049 

5,00 

0,047 

0,052 

0,057 

0,059 

0,062 

0,063 

0,063 

0,065 

0,061 

0,051 

0,047 

6,00 

0,041 

0,041 

0,050 

0,051 

0,052 

0,053 

0,053 

0,053 

0,050 

0,050 

0,045 

125 


Hanpfl/Kenne  ot  Harpy3KH  npaBoro  TpeyrojiBHHKa 

g3  =  gz-  oB  =  0,31  •  4,25  =  1,32  Kr/cM2  ~  129,5  kH/m2. 

ITojiHoe  Hanp«>KeHHe  b  tohkc  C  Sy^eT 

gc  =  Gi  +g2+g3  =  1,62  +  2,34  +  1,32  =  5,28  kt/cm2  ~  517,9  kH/m2. 

B  cpe^HeM  b  rpyHTe  ocHOBamni  no^  rpeSHeM  iijiothhbi  Hanpn>KeHHe  c 
yneTOM  nepBOHanajiBHoro  nanpH/Kemia  oHaiI  6yneT 

ocp  =  (os  +  Oc)  /  2  +  Geaii =  (4,25  +  5,28)  /  2  +  1,13  =  5,89  kt/cm2  =  577,8  kH/m2. 

ITo  KOMnpeccHOHHOH  KpHBoii  npH  o  —  ocp  —  5,89  kiVcm”  cpeflHeB3BemeH- 
HBIH  K03(j)(j)HI],HeHT  nOpHCTOCTH  e2  =  0,24. 

BenHHHHy  nojiHoil  oca/pcn  ocnoBamm  non  rpeoneivi  iijiothhbi  bbihhcjimcm 
no  (jiopMyjie  (2.86):  S’  =  1  200  •  (0,58  -  0,24)  /  (1,0  +  0,58)  =  258  cm. 


2.7.  PacneT  ycTOHHHBOCTH  iijiothh 

PacHCT  ycTOHHHBOCTH  njiOTHH  n penyc MaTpiiBaeT  npeaeabnyio  KpyTH3Hy 
OTKOCa  flJia  3CMJWHBIX  nJIOTHH  B  3aBHCHMOCTH  OT  yrjia  BHyTpeHHerO  TpeHHH 
rpyHTa. 


2.7.1.  PacneT  ycTOHHHBOCTH 

HH30BOTO  OTKOCa  3eMJIHHbIX  IIJIOTHH 

CTeneHB  yCTOHHHBOCTH  HH30BOrO  OTKOCa  OpeHHBaeTOI  K03(f)(f)HI],HeHTOM 
3anaca  ycTOHHHBOCTH  k3.  B  pe3yjiBTaTe  pacneTa  npmniToro  OTKOCa  Hano  HaiiTH 
MHHHMaJIBHOe  3HaHCHHe  k3  H  CpaBHHTB  3Ty  BCJIHHHHy  c  nonycKaeMoii  k3,a on.  Be- 
jiHHHHy  .zionycKaeMoro  K03(jxj)Hii,HeHTa  3anaca  k3Jl0n  Ha3HanaiOT  b  3aBHCHMOCTH 
ot  KJiacca  KanHTajiBHOCTH  coopy/Kcmm,  ycjiOBHH  paSoTBi  OTKOCa,  a  TaK>Ke  ot 
puna  K03(J)(jDHu,HCHTOB  (Ha^OKHOCTH  no  Harpy3Ke,  no  rpyHTy,  coneTamni  Harpy- 
30k)  h  onpenejnnoT  no  CHhII  1 1-H1-62  h  CHhII  2.02.02-85  (Ta6ji.  2.8). 


Ta6jiHu,a  2.8 

/JonycKaeMbie  K03<|)<])imHeHTbi  3anaca  ycTOHHHBOCTH  otkocob 


ConeTaHHe  Harpy30K 

H  B03JICHCTBHH 

Kaacc  njiOTHHbi 

I 

II 

III 

IV 

OCHOBHbie 

1,30-1,25 

1,20-1,15 

1,15-1,10 

1,10-1,05 

Oco6bie 

1,10-1,05 

1,10-1,05 

1,05 

1,05 

KpyTH3Ha  otkocob  OKa3BiBaeT  cymecTBeHHoe  bjihuhhc  Ha  o6bcm  h  ctoh- 
MOCTB  nJIOTHHBI,  nOSTOMy  HeoSxOflHMO  CTpeMHTBCH  yCTpaHBaTB  OTKOCBI  C  B03- 
MO>KHO  MeHBHIHM  3aJI05KCHHeM,  HO  COSjIIOflaa  erO  yCTOHHHBOCTB. 
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ITpeflejiBHaa  KpyTH3Ha  OTKOca  ^Jia  necBaaannbix  (cbinymix)  rpyHTOB  co- 
OTBeTCTByeT  yniy  hx  BHyTpeHHero  TpeHHa  cp.  Ecjih  yron  HaKJiOHa  OTKOca  c^e- 
naTb  Sojibme  stoh  BejnniHHbi,  to  oSpymeHHe  Sy^eT  npOHCxoflHTb  b  BH^e  nepe- 
MemeHHa  nacTHii,  no  nnocKOCTH,  HaxjiOHeHHoii  k  ropn30HTy  no^  yniOM  BHyT¬ 
peHHero  TpeHna  -  ecTecTBeHHoro  OTKOca.  Cnoji3aHHe  OTKOca,  cjioxchhoto  H3 
CB3i3aHHbix  rpyHTOB,  t.  e.  rpyHTOB,  noMHMO  chji  Tpemia,  oSaanaiounix  CHJiaMH 
cpenjieHHa,  mo>xct  nporooHTH  xax  Ha  BceM  ero  npoTa>xeHHH,  Tax  h  Ha  OT^ejib- 
hom  ynacTxe.  KoHTyp  oSpymeHHa  3aMeTHO  OTJiHnaeTca  ot  njiocxocTH  h  nacTO 
6jih30x  x  flyre  oxpymiocTH  [15]. 

nP  h  m  e  p  12.  Onpe^eHHTb  xo3(J)(])Hu,HeHT  3anaca  Ha  ycTOHHHBOCTb 
npOTHB  CnOJI3aHHa  HH30B0r0  OTXOCa  3eMJMHOH  nJlOTHHbl  (pHC.  2.31).  rpyHT  Te- 
jia  njiOTHHbi  -  cynecb,  ocHOBaHne  -  cyrjiHHOx. 

^aHo:  Hn  =  12,6  m;  niySHHa  BOflOxpaHHJiHma  H—  10,5  m;  mnpHHa  rpe6- 
Ha  njiOTHHbi  bn  =  4,0  m;  yuejibHbii!  Bee  cynecn  yn  =  2,7  t/m  ;  y^ejibHbiH  Bee 
cyrjiHHxa  yG  =  2,9  t/m  ;  yzjejibHoe  cHeruiemie  cynecn  cnjI  =1,9  t/m";  cyrjiHHxa 
c0C  =  3,1  t/m2;  yron  BHyTpeHHero  TpeHna  cynecn  (pnjI  =  28°;  cyrjiHHxa  (p0  =  23°; 
nopHCTOCTb  cynecn  nnjl  =  0,28;  cyrjiHHxa  noc  =  0,35;  ypOBeHb  boabi  b  hh5xhcm 
6becJ)e  ho  =  1,0  m.  ^enpeccHOHHaa  xpHBaa  onpefleneHa  h  HaHeceHa  Ha  nonepen- 
Hbiil  npo(J)HJib  njiOTHHbi  (pHC.  2.31,  a). 

P  e  hi  e  h  h  e.  PaeneT  Be^eM  no  MeTO^y  xpyrjiOH,HJiHHflpHnecxoH  noBepx- 
hocth  TpacJioaHajiHTHHecxHM  cnocoSoM.  BbinepHHBaeM  nonepenHbiH  npocJiHJib 
njiOTHHbi,  coSmo^aa  ropH30HTajibHbiH  h  BepTHxajibHbiii  MacniTaSbi  oflHHaxo- 
BblMH.  npOBOflHM  JIHHHK)  HH30BOTO  OTXOCa  c  m2  =  2,5  (AE).  Ha  npocJiHJib  Ha- 
hochm  xpHByio  ,nenpeccHOHHOH  noBepxHOCTH  cj)HJibTpau,HOHHoro  noTOxa  b  Tejie 
njiOTHHbi  (pHC.  2.31,  <3). 

Ko3(J)(J)Hu,HeHT  3anaca  Ha  ycTOHHHBOCTb  onpe^ejiaeM  xax  OTHomeHne 
eyMMbl  MOMeHTOB  ynep5XHBaK)IHHX  CHJI  X  eyMMe  MOMeHTOB  CflBHTaiOmHX  chji: 

k3  =  /  X/V/c;iB.  (2.88) 

,Z],jni  HaxoacfleHHa  HanSojiee  onacHoii  noBepxHOCTH  cxojib>xeHHa  no 
B.  B.  ApHCTOBCxoMy,  H3  cepeflHHbi  OTxoea  (Tonxa  C  Ha  pne.  2.31)  npOBOflHM 
BepTHxajib  CD  h  jihhhio  CE  no^  yrjiOM  85°. 

3aTeM,  nojib3yaeb  Ta6ji.  2.9,  BbinnejiaeM  pa^nycbi  ca  h  cb  h  npoBOflHM 
flyrn  ad  h  be. 

Pa^nycbi  fljia  nocTpoeHHa  cexTOpa  adbc,  b  xotopom  pa3MemaiOTca  u,eH- 
Tpbi  HanSojiee  onacHbix  xpHBbix  cxojib>xeHHa,  hmciot  cjie^yiomHe  3HaneHHa: 
RH/HnuRJ  Hn. 

HaxoflHM  HapyacHbiii  pa^nye  npn  m  =  2,5,  no  Ta6ji.  2.9  oh  paBeH 
Rh  =  12,6  •  1,46  =  18,4  m,  BHyTpeHHHH  pa^nye  RB  =  12,6  •  2,1  =  26,5  m. 

B  cexTOpe  adbc  Bbi6HpaeM  nepByio  Tonxy  O  h  onpe^ejiaeM  no  HepTe>xy 
Ro  =  24,4  m,  noejie  nero  sthm  pa^nyeoM  npOBOflHM  noBepxHOCTb  e^BHra  A'E'. 
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onpeaeJieHHa  Bcex  aeiicTByiomHx  chji  Ha  OTKOce  njiOTHHbi  MaccHB 
A'AB  E'  ^ejiHM  Ha  BepTHKajibHbie  nojiocbi  hihphhoh  b  —  0,1  •  R  =  0,1  •  24,4  = 
=  2,44  m.  Pa36iiBKy  noaoc  HamiHaeM  c  HyaeBOH,  KOTOpaa  pacnojiaraeTca  no  o6e 
CTOpOHBi  ot  BepTHKanH,  onymeHHoii  H3  tohkh  O  #0  nepeceneHHa  kphboh 
CKOJiBaceHHa  A'E'. 


-X—b — * 


6 

Phc.  2.31.  PacHcmaH  cxeMa  ycTOHHHBOCTH  HH30Boro  OTKOca  iijiothhbi 


Ta6jiHu,a  2.9 


K  nocTpoeHiiio  kphboh  cKOJibaceHHH 


Paanyc 

Ko3(j)(i)HLI,HeHT  OTKOca  777 

1 

2 

3 

4 

5 

6 

i?H  (ca)  /  Hu  =  k\ 

0,75 

0,75 

1,0 

1,5 

2,2 

3,0 

Rb  ( cb )  /  Hn  =  k2 

1,50 

1,75 

2,3 

3,75 

4,8 

5,5 

IIoacHeT  aeHCTByKDHiHx  chji  npeacTaBJiaeM  b  BHae  Ta6ji.  2.10,  nopaaoic 
ianojinenna  KOTOpoii  cjieayiomiiH:  sin  a  ana  paccMaTpHBaeMOH  rioaocbi  paBeH  ee 
nopaaKOBOMy  HOMepy,  noaeaennoiviy  Ha  10.  HanpHMep,  ana  nojiocbi  4  sin  a  =  0,4 
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h  ^ajiee  0,5-0, 8.  ,U,Jia  nonoc,  pacnojioaceHHBix  BnpaBO,  -  OTpHpaTejiBHBie,  a 
BJieBO  -  nono>KHTejibHBie.  IIpH  stom  j\jik  nepBoii  h  nocne^Heii  nonoc  sin  a  npn- 
HHMaeTca  b  3aBncHMOCTn  ot  flOJin  nonocBi  no  OTHomeHHK)  k  nojiHon  ee  ninpn- 
He,  HanpHMep,  b  nonoce  9  (pnc.  2.31,  a)  sin  a  =  0,82,  b  nonoce  3  sin  a  =  -0,43; 

cos  a  BBiHHCjnieM  no  (f)opMyjie  cos  a  =  ^/l-sin2  a  .  IIo  ocn  nonocBi  H3MepaeM 

cpeflHKDK)  ee  BBicoTy  (cm.  pnc.  2.31,  6).  Ot  noBepxHOCTH  OTKOca  njiOTHHBi  %o 
jihhhh  ^enpeccnn  (0-8)  rpyHT  HaxoflHTca  b  coctouhhh  ecTecTBeHHon  BJiamio- 
cth  yB,  noTTOMy  cpemiaa  bbicotb  nonocBi  b  sthx  npe^enax  cocTaBJiaeT  hc.  Ot 
JIHHHH  flenpeCCHH  flO  JIHHHH  CXOJIB>XeHHa  TpyHT  HaXOflHTCa  B  MOKpOM  COCTOfl- 
hhh  co  cpe^Heii  bbicotoh  hM.  Ot  jihhhh  ocHOBamia  hjiothhbi  ^o  jihhhh  cxojib- 
5KeHHa  TpyHT  HaXOflHTOI  B  HaCBIHieHHOM  COCTOUHHH,  H  CpeflHM  BBICOTa  nOJIOCBI 
b  3toh  30He  o6o3HanaeTca  h0. 

ITpHBefleHHyK)  BBicoTy  nojiocbi  onpe,nejiaeM  no  (jiopMyjie  c  yneTOM  Mac- 
HiTaSa: 

hup  hc  +  hM  (yM  /  yc)  +  hoc  (yM  /  yHac)?  (2.89) 

me  yM  =  (1  -  n)  (yc  -  yB);  n  -  nopHCTOCTB  rpyHTa;  yc  -  y^ejiBHBiH  Bee  rpyHTa; 
yB  -  y^ejiBHbiH  Bee  boabi;  yHac  -  HacBimeHHBiH  yuejiBHBiii  Bee. 

IIpHMep  fljia  nojiocbi  3  (pnc.  2.31,  6)  coraacHO  nepTeacy: 

hnp  =  2,8  +  2  (1  -  0,28)  (2,7  -  1,0)  /  2,7  +  2,04  (1,0  -  0,35)  (2,9  -  1)  /  2,9  = 

=  2,8  +  2  •  0,72  •  1,6  /  2,7  +  2,04  •  0,65  •  1,9  /  2,9  =  4,5  m. 

Ytoji  BHyTpeHHero  TpeHna  (p  h  y^ejiBHoe  cpenjieHHe  c  npHHHMaiOTca  no 
30HaM  COOTBeTCTBeHHO  COCTOaHHK)  H  (|)H3HXO-MexaHHHeCXHM  xapaKTepHCTHKaM 
rpyHTOB.  HanpHMep,  b  30He  npoxoac^eHHa  KpHBoii  cxojiBaceHna  ot  A'  ^o  M 
npHHHMaeM  cpi  c\  (ana  rpyHTa  hjiothhbi);  ot  M  no  K  —  cp2  c2  (fljia  rpyHTa  mrace 
TpaHHU,BI  ^enpeCCHOHHOH  KpHBOH  nJIOTHHBl);  OT  K  flO  B'  -  (p3  c3. 

,Z],jiHHy  jxyvw  xpHBoii  cxojiBaceHHa  no  xaacnoii  30He  BBinncjiaeM  no  (jiopMyjie 

1  =  2  •  7i7?(3°  /  360°,  (2.90) 

me  R  -  pannyc  xpHBoii  cxojiBaceHHa;  [1°  -  peHTpajiBHBiH  yroji  nyrn  A'MKE' 
(cm.  pnc.  2.31,  a). 

3anojiHHB  Ta6ji.  2.10,  nojiynaeM  b  pe3yjiBTaTe  cyMMHpOBaHHa  mnHBie  6, 
8,  12,  15,  KOTOpBiMH  nojiB3yeMca  no  pa3BepHyTOH  (J)opMyjie  (2.88)  c  yneTOM 
THflpoflHHaMHnecKoro  ^aBJieHHa  (})HJiBTpau,HOHHoro  noTOxa  b  30He  cnojnaHHa 
KJiHHa  pi: 

k3  =  (b  yM  ’  ^hnp  ’  cos  a  ■  tg(p  +  Sc/)  /  (b  yM  •  S/znp  •  sin  a  +  coJ  •  r  /  R ),  (2.91) 

me  b  yM  •  "Lhnp  •  cos  a  •  tg(p  -  cnjia  TpeHna;  Sc/  -  cnjia  cpenjieHHa;  b  yM  •  S/znp  x 
xsin  a  -  cflBHraiomaa  cnjia  ot  coSctbchhoto  Beca;  co J  -  cflBHraiomaa  cnjia  ot 
THflpoflHHaMHnecKoro  naarenMa  cf)HJiBTpau,HOHHoro  noTOxa;  r—  njieno  chjibi  co  J. 

njioma^B  (J)HJiBTpau,HOHHoro  noTOxa  cnoji3aeMoro  MaccnBa  co  =  S  (hM  + 
+  h0)  ■  b,  cpeflHHH  rpa^neHT  b  stoh  30He  J  =  Ah  /  A/  =  0,044,  me  Ah  h  A/  -  na- 
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paMeTpti  rpa^neHTa  (j)HJiLTpau,HOHHoro  noTOKa  b  30He  cnon3aeMoro  MaccHBa 
(cm.  pHC.  2.31). 

ITyTeM  noflcneTa  bcjihhhh  no  flaHHBiM  Ta6n.  2.10  nonyneHo: 

S/znp  •  cos  a  •  tg(p  =  25,2,  Sc /  =  960,7,  S/znp  •  sin  a  =  22,3, 
co  =  I  (K  +  hoc )  •  b  =  (31,6  +  1 1,2)  •  2,44  =  104,4  m2,  J=  0,044. 

Iljieno  cnjibi  rnflpoflHHaMnnecKoro  ,naBJieHmi  co J  paBHO  r  =  23,2  m; 
r  /  R  =  23,2  /  24,4  =  0,95. 

Onpe^ejiMeM  y^ejibHbiH  Bee  yB  b  HacBiineHHOM  coctouhhh  npn  n  =  (0,28  + 
+  0,35)  /  2  =  315: 

yB  =  (1  -  0,315)  •  (2,7-  1)  =  1,16  t/m3. 

noflCTaBjnra  Bee  ^amibie,  nojiyneHHBie  rpacjDoaHajinTnnecKHM  cnocoSoM, 
HaxoflHM  K03(|)c|)Hu,HeHT  3anaca  Ha  ycTonnnBOCTB  npn  pa^nyce  ckojib^chhh 
R  =  24,4  m: 

k3  =  (2,44  •  1,16  •  25,2  +  90,1)  /  (2,44  1,16  •  22,3  +  104,4  •  0,95  •  0,044)  - 

=  161,43  /  67,48  =  2,4. 

3eMJMHon  njiOTHHBi  III  KJiacca  HOpMaTHBHBin  K03(j)(j)Hu,neHT  3anaca 
cocTaBJiaeT  1,15. 

H3  npnMepa  cne^yeT,  hto  BbinncjieHHBin  K03(jicj)HH,HeHT  3anaca  ycTonnn- 
bocth  HH30Boro  OTKOca  njiOTHHBi  y/jOBJieTBOpneT  HOpMajiBHBiM  ycjiOBH^M  nno- 
thhbi  III  KJiacca,  oflHaKO  oh  He  nBJineTCii  MHHHMajiBHtiM  npn  BBi6paHHOM  pa- 
flnyce  CKOJIB>KeHmi.  Il03T0My  HeoSxOflHMO  npOH3BeCTH  paCHeTBI  yCTOHHHBOCTH 
^onojiHHTejiBHO  fljia  ^Byx-Tpex  BapnaHTOB.  Ecjih  sth  pacneTbi  noKajKyT,  hto 
K03cj)(J)Hu,HeHT  3anaca  HaMHoro  npeBbimaeT  HOpMaTHBHyio  BejiHHHHy  3anaca,  to 
CJie^yeT  yMeHbHIHTb  K03(f)(f)HH,HeHT  OTKOca  H  BHOBb  npOH3BeCTH  aHaJIOTHHHbie 
pacneTbi  Ha  ycTOHHHBOCTb. 

C  ^onycTHMbiM  3HaneHHeM  K03(J)(j)Hu,HeHTa  3anaca  cpaBHHBaeTca  ero  mh- 
HHMajibHoe  3HaneHHe,  nojiyneHHoe  b  pe3yjibTaTe  pacneTa  no  hcckojibkhm  KpH- 
BblM  CKOJIb5KeHHH. 

npH  yCTpOHCTBe  3eMJMHbIX  nJIOTHH  Ha  OCHOBaHHUX  H3  OflHOTO  TpyHTa, 
HanpHMep,  H3  necnaHoro  hjih  cynecn,  npHBefleHHyio  BbicoTy  onpe^ejiaiOT  no 
(jiopMyjie 


^np  hec  "I"  Yeac  /  Yec  '  hHac, 

eCJIH  TpyHT  nOBepXHOCTH  OTKOca  njiOTHHBi  K O  JIHHHH  flenpeCCHH  HaXOflHTCM  B 
COCTOUHHH  eCTeCTBeHHOH  BJia^KHOCTH  C  yec,  TO  CpeflHM  BbICOTa  nOJIOCbl  B  3THX 
npe^ejiax  cocTaBJineT  hec.  Ot  jihhhh  ^enpeccHH  ro  jihhhh  CKOJib>KeHmi  rpyHT 
HacbimeH  BOfloii  c  yHac,  nosTOMy  cpeflroni  BbicoTa  nojiocbi  b  stoh  30He  o6o3Ha- 
naeTca  huac. 
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IIoaCHeT  a 


HoMep 

nonocbi 

sin  a 

cos  a 

hc 

hM 

huac 

hnp 

hup  sin  a,  m 

9 

0,9 

0,44 

1,62 

- 

- 

1,62 

1,46 

8 

0,8 

0,6 

5,28 

- 

- 

5,28 

4,22 

7 

0,7 

0,72 

5,68 

2,03 

- 

6,59 

4,61 

6 

0,6 

0,80 

5,28 

3,65 

- 

6,92 

4,15 

5 

0,5 

0,86 

4,47 

4,87 

- 

6,66 

3,33 

4 

0,4 

0,92 

3,65 

5,68 

- 

6,21 

2,48 

3 

0,3 

0,96 

3,25 

4,87 

0,61 

5,7 

1,71 

2 

0,2 

0,98 

2,52 

4,47 

1,87 

5,33 

1,07 

1 

0,1 

0,99 

2,39 

4,06 

2,03 

5,09 

0,51 

0 

0 

1,0 

2,44 

2,03 

2,39 

4,38 

0,00 

-1 

-o,i 

0,99 

3,25 

- 

2,05 

4,13 

-0,413 

-2 

-0,2 

0,98 

2,03 

- 

1,62 

2,73 

-0,55 

-3 

-0,3 

0,96 

0,812 

- 

0,61 

1,07 

-0,32 

£ 

31,6 

11,2 

22,3 

31,6 


Ta6jiHu,a  2.10 


encTByiomHX  chji 


hup  cos  a,  m 

(p,  rpafl 

tg9 

hup  cos  a  tgcp,  m 

c,  t/m2 

/,  M 

cl,  Klla 

0,713 

28 

0,53 

0,38 

1,9 

7,74 

14,71 

3,48 

28 

0,53 

1,84 

1,9 

7,74 

- 

4,75 

28 

0,53 

2,52 

1,9 

10,81 

- 

5,54 

28 

0,53 

2,94 

1,9 

10,81 

20,54 

5,73 

28 

0,53 

3,04 

1,9 

10,81 

- 

5,71 

23 

0,43 

2,46 

3,1 

19,62 

- 

5,47 

23 

0,43 

2,35 

3,1 

19,62 

- 

5,22 

23 

0,43 

2,25 

3,1 

19,62 

60,82 

5,04 

23 

0,43 

2,17 

3,1 

19,62 

- 

4,38 

23 

0,43 

1,88 

3,1 

19,62 

- 

4,09 

23 

0,43 

1,76 

3,1 

19,62 

- 

2,68 

23 

0,43 

1,15 

3,1 

19,62 

- 

1,03 

23 

0,43 

0,44 

3,1 

19,62 

- 

25,2 

wm 

y^ejiBHLiii  Bee  rpyHTa  npti  ecTecTBeHHOH  BJiancHOCTH  onpeaenaeTca  no 
(J)opMyne 

Yec  =  (1  -/?)  Yr  •  k,  (2.92) 

rae  n  -  OTHOCHTejiBHaa  nopncTOCTB  rpyHTa;  yr  -  yaejiBHBiH  Bee  rpyHTa;  k  -  ko- 
3(j)(|)HU,HeHT,  3aBHCaUHIH  OT  BJia>KHOCTH  rpyHTa  (npH  W  —  12-18  %  K03(j)(j)HH,H- 
eHT  k  =  1,12-1,18). 

YaejiBHBiH  Bee  B3BemeHHoro  h  HacBimemioro  Boaon  rpyHTa  paccnHTBi- 
BaeTca  no  (j)opMyjie 

Yeac  =  (!-«)  (Yr  ~  Yb).  (2.93) 

B  (J)opMyne  (2.91)  bmccto  yB  Hcnojib3yK)T  yHac. 

PaeneT  yCTOHHHBOCTH  OTKOCa  nJlOTHHBI  npOH3BOAHTCa  aHaJIOrHHHO  BBI- 
menpHBeaeHHOMy. 

2.7.2.  PacneT  yCTOHHHBOCTH  njiacTHHHoro  3KpaHa 

PacneT  yCTOHHHBOCTH  3KpaHa  ocymecTBJiaiOT  ana  1  m  a-HHHBi  hjiothhbi, 
oh  CBoaHTca  k  onpeaejieHHio  K03(J)(J)Hu,HeHTa  3anaca  Ha  ycTOHHHBOCTB  3KpaHa 
(pnc.  2.32). 


Phc.  2.32.  PacHCTiiaH  cxeMa  yciOMMHBOCi  H  iniaci  MHiioi  o  3Kpaiia 


ITpeHe6peraa  OTnopOM  rpyHTa  npH3MBi  ABC  (sto  yBejiHHHBaeT  3anac  npH 
pacneTax),  CHHTaiOT,  hto  ycTOHHHBoro  cocToaHHa  3KpaHa  HeoSxoanMO  co- 
SnioaeHHe  ycnoBHa 


T<F3,  (2.94) 

rae  T  -  caenraiomaa  CHJia  ot  Beca  axpaHa  Ha  1  m,  T  —  Q  •  sin  9;  F3  -  enna  Tpe- 
Hna  ot  Beca  axpaHa  Ha  1  m, 

F3  =  N  •  tg  (p  =  Q  •  cos  0  •  tgcp,  (2.95) 

rae  TV  (cm.  pnc.  2.32);  Q  -  Bee  1  m  3KpaHa,  Q  =  y3  •  8cp  •  4  •  /;  cp  -  yron  BHyrpeH- 
Hero  TpeHHa  rpyHTa  3KpaHa;  0  -  yron  HaKJiOHa  3KpaHa  k  ropH30HTy. 
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yCTOHHHBOCTH  3KpaHa  HeoSxOflHMO  BbinOJIHHTb  yCJIOBHC 

£9sin  9  <  £)cos  9  •  tg(p  hjih  k3  •  tg  9  <  tg(p,  (2.96) 

r^e  k3  -  K03(J)(j)HLi,nGHT  3anaca  (1,15-1,25). 

nP  H  M  e  p  13.  OnpefleJIHTB  BCJIHHHHy  K03(|)C|)HII,HeHTa  yCTOHHHBOCTH 
3KpaHa. 

^aHo:  5b  =  1,9  m;  Sh  =  3,9  m;  y3  =  1,9  t/m3;  cp3  =  22°;  4  =  41,9  m; 
m\  =  3,25;  9  =  17°;  KJiacc  KanHTajibHOCTH  coopy^KeHHa  III. 

PemeHne.  1.  HaxoflHM  cpeflmoio  TOJiiHHHy  3KpaHa: 

§cp  =  9,5  (8b  +  5H)  =  0,5  (1  +  3)  =  2,9  m. 

2.  PaccHHTBreaeM  Bee  1  m  3KpaHa: 

Q  =  jr  SCp  •  4  ■  1  =  1,9  -2,0-  1,9  •  41,0  =  159,8  t  =  1  558  kH, 

sin  9  =  sin  17°  =  0,292;  cos  17°  =  0,956;  tg  17°  =  0,306;  tg<p3  =  0,404. 

3.  OnpeflenaeM  CABHraiomyio  CHJiy: 

T=  Q  •  sin  9  =  155,8  •  0,29  =  45,2  t;  T=  45,2  •  9,81  =  443,4  kH. 

4.  BbinncjiaeM  yflepmiBaiomyK)  enny  (enny  TpeHna): 

F3  =  Q  •  cos  9  •  tg(p  =  Q  •  cos  17°  •  tg  22°  = 

=  155,8  •  0,96  •  0,40  =  59,8  t  ~  586,6  kH. 

5.  BtinncjiaeM  K03(f)cj)HH,HeHT  3anaca: 

k3  =  Q  •  cos  9  •  tg(p  /  Q  •  sin  9  =  59,8  /  45,2  =  1,32  >  1,25. 

YcnoBne  y cto h Lni boct h  BbinomiHCTCH,  sto  >Ke  mo>kho  noKajaTb,  Hcnojib3yn 
6ojiee  npocTyio  3aBncnMOCTb  (2.96)  k3  ■  tg  9  <  tg(p.  HanpnMep,  npn  k3  =  1,25  HMe- 
eM  tg  9  =  1,25  •  0,306  =  0,383;  tg(p  =  tg  22°  =  0,404,  t.  e.  0,383  <  0,404. 

2.7.3.  YneT  ceficMHHecKHx  B03,aeHCTBHH 

Ha  yCTOHHHBOCTb  3eMJIHHbIX  nJIOTMH 

YneT  ceHCMnnecKHx  bo3^chctbhh  bo3mo>kch  c  ncnojib30BaHneM  CTaTH- 
necKoii  hjih  ^HHaMnnecKOH  TeopHH. 

CyniHOCTb  CTaTHnecKoro  MeTO.ua  coctoht  b  tom,  hto  b  pacneT  bboahtch 
^onojiHHTejibHaa  HHepu,HOHHaa  CHJia,  npoxoflamaa  nepe3  peHTp  Ta>xecTH  cnoji- 
3aiomero  MaccHBa  rpyHTa,  a  Taioice  HHepu,HOHHaa  CHJia  ot  npHJieraiomeH  k  co- 
opyjKeHHK)  Maccbi  bo^bi  BepxHero  hjih  hhhchcto  6be(J)OB.  HanpaBJieHHe  sthx 
CHJl  npHHHMaeTCa  TOpH30HTaJIbHbIM  -  B  CTOpOHy  B03M05KH0T0  OnOJI3aHHa  rpyH¬ 
Ta  [7]. 
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PacneTHoe  3HaneHHe  ceHCMHnecKOH  HHeppHOHHOH  chjili  onpe,nejnnoT  no 
(J)opMyjie 

S  =  a  CKCG,  (2.97) 

r,ne  ac  -  K03(f)(f)Hi],HeHT,  3aBHcamHH  ot  ^HHaMHnecKHx  xapaicrepHCTHK  coopy- 
>KeHHa  h  xapaKTepa  ceHCMHnecKHx  B03,neHCTBHH,  KOTOpBin  MO>xeT  6bitb  npnmiT 
paBHBiM  1,5;  Kc  —  K03(j)(|)Hi],HeHT  cencMHHHOCTH,  KOTOpBin  npeflCTaBJineT  co6oh 
OTHomeHHe  cpe^Hero  ycicopeHHii  ^BHJKeHHa  rpyHTa  npn  3eMJieTpnceHHH  ^aH- 
HOH  SaJIJIBHOCTH  K  yCKOpeHHK)  CBOSOflHOTO  na/JCHHa  H  MO>KeT  npHHHMaTBCa 

fljia  9  SajuiOB  -  0,1,  a jm  8  -  0,05,  fljia  7  -  0,025;  G  -  Bee  cnojmiomero  MaccnBa 
rpyHTa,  noflCHHTBiBaeMBiH  HH5Ke  flenpeccnoHHOH  KpHBoil  c  yneTOM  HacbimeHHa 
BOflOH. 

CencMHHecKaa  HHepu,HOHHaa  cnjia  ot  npHJieraiomeH  k  coopyjKeHHio 
MaCCBI  BOflbl 

Wc  =  0,5KcyBH2,  (2.98) 

r,ne  H  -  rjiyOnHa  boali  okojio  hjiothhbi. 

ToHKa  npHJio>KeHmi  chjili  Wc  npnHHMaeTca  Ha  blicotc  V3 H  ot  ^Ha  bo^o- 
xpaHHJinma. 

ITpH  pacneTax  ycTOHHHBOCTH  otkocob  no  Kpyrjiou,HJiHHflpHnecKHM  no- 
BepXHOCTHM  CKOJIMKeHHH  CHJILI  S  H  Wc  BKJHOHaiOT  B  COCTaB  aKTHBHLIX  CHJI.  Ko- 
3(J)(j)Hu,HeHT  ycTOHHHBOCTH  c  yneTOM  ceHCMHnecKHx  chji  onpeflejiaeTca  no 
(J)opMyjie 

K=  C0SaT  ~Pik  )tg(Pi  +ZC'/T  (299) 

2GV  sin  aY  +Sr/  R  +  Wcrc  /  R  ’ 

r^e  r  n  rc  -  njienH  chji,  cootbctctbchho,  S  h  Wc  othochtcjilho  peHTpa  no- 

BepXHOCTH  CKOJIL>KeHHII. 

ITpH  onpeflejieHHH  K03(j)(j)Hii,HeHTa  3anaca  ycTOHHHBOCTH  3eMJWHOH  njio- 
THHLI  HeoSxOflHMO  COSjHO^aTL  HepaBCHCTBO  (2.88). 

2.7.4.  OcoSeHHocTH  pacneTOB  ycTOHHHBOCTH  otkocob 
HaMBIBHBIX  nJIOTHH 

ITpH  flBycTOpOHHeil  cxeMe  HaMLiBa  b  Tejie  hjiothhli  B03HHKaeT  (J)HJiLTpa- 
U,HOHHLIH  nOTOK  H3  npy^Ka-OTCTOHHHKa  (pHC.  2.33).  3t0  oSCTOaTeJILCTBO  He- 
oSxoflHMO  ynHTLiBaTL  npn  pacneTax  ycTOHHHBOCTH  no  KpyrjiopHJiHHflpHne- 
ckhm  noBepxHOCTHM  CKOJiL>KeHHii.  3HaneHHe  (|)HJibTpaH,HOHHbix  chji  mo>kho  on- 
pe^ejinTL,  nocTpOHB  rpacjDHnecKHM  cnocoSoM  rHflpoflHHaMHnecKyio  ceTKy  [7], 

npH  HaMLIBe  nJIOTHH  C  HflpOM  C  BLICOKOH  HHTeHCHBHOCTLIO  rJIHHHCTLIH 
MaTepnaji  a^pa  ycneBaeT  KOHCOJiH^HpOBaTLca,  h  ero  mo>kho  paccMaTpHBaTL 
xaK  TH/Keayio  >khjikoctl,  OKa3LiBaiomyio  Ha  Ookoblic  npH3MLi  r h a p o CTaT h h e - 
CKoe  ^aBJieHHe  p.  B  stom  cjiynae  npOBepaiOT  bo3mo>khoctl  onojmmni  6oko- 
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BBIX  npH3M  no  nJlOCKHM  nOBepXHOCTMM,  HCXOfl^mHM  H3  tohkh  a  (pHC.  2.33,  6) 
no#  pa3JiHHHBiMn  yrnaMH  (3.  PacneT  mo>kho  npOBO#HTb  rpacjinnecKHM  cnoco- 
6om,  paccMaTpHBaa  cnojmioinHn  MaccnB  abed  Kaic  o#hh  otcck. 


,  0 


Phc.  2.33.  CxeMbi  k  pacnciy  ycTOHHHBOCTH  otkocob  HaMbiBHbix  iijiothh: 
a  -  (J)HJibTpaii,HOHHbiH  noTOK  b  Tejie  ruiOTHHbi  b  ncpnoa  HaMbiBa; 

6  -  CHJIbI,  ZICHC'I  ByiOLUMC  Ha  SoKOByiO  npH3My  nJIOTHHbl  c  B#pOM 


ITpn  3tom  npe#nojiaraiOT,  hto  rpyHT  ynopHon  npn3MBi  cyxon,  a  ero  cu,e- 
nneHne  paBHO  HyjiK).  Yron  OTKJiOHCHna  chjibi  P  ot  HOpMann  C,  mojkct  6bitb 
npHH^T  paBHBiM  cpe#HeMy  yray  OTKOca  njiOTHHti  C,  —  a.  B  #ajiBHenmeM  pacneT 
ycTOHHHBOCTH  aHanornneH  BBimenpHBe#eHHBiM. 
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P  a  3  a  e  Ji  3 


rH^POTEXHHHECKHE  COOPY^CEHIW 
B  COCTABE  PEHHOrO  rHflPOY3JIA 


r  ji  a  b  a  1 

KJIACCHOHKAIJHB 
BO^onponycKHtix  coopy^cehhh. 
KOMnOHOBKA  H  PACHET 
B0^03AB0PHBIX  rH^POY3JIOB 


BoflonponycKHtie  coopy>KeHmi,  Bxo,zpimHe  b  cocTaB  penHoro  rHflpoy3Jia, 
KJiaccH(j)Hu,HpyK)Tca  no  pa^y  npn3HaKOB  [8], 

IIo  Ha3HaneHHK)  pasaHHaiOT  cneayiomne  BoaonponycKiibie  coopy/Kemim 

•  eodoc6poc,  ycTpanBaeMBin  ^Jia  c6poca  b  nepno^  npoxo^eHmi  naBO#- 
kob  H3JinniKOB  BOflBi  H3  BO,noxpaHHJiHiHa  b  hhjkhhh  6becj)  mflpoy3Jia  (pnc.  3.1), 
a  HHor^a  .zjjiji  npOMbrea  HaHOCOB,  OTJiOKHBmnxca  b  BOflOxpaHHJinme  (Ha  hh3ko- 
HanopHBix  rnflpoy3Jiax); 

•  eodoebinycK  (pnc.  3.1,  no3.  6,  HHor^a  5),  npe1HHa3HaxieHHi>iH  ^Jia  non- 
Horo  hjih  nacranHoro  onopomieHmi  BOflOxpaHHJiHma. 

no  pacnono>KeHHK)  Bxo^Horo  OTBepcnni  BOflonponycKHbie  coopy>KeHmi 
noflpa3fleji^K)T  Ha  noeepxHocnwbie  (pnc.  3.1,  no3.  2;  pnc.  3.2,  no3.  7,  2)  h  zjiy- 
6umbie  (pnc.  3.1,  no3.  5,  6)  [7],  npnneM  coopy>KeHHa,  Bxo,a,Hbie  OTBepcuni  ko- 
TOpBix  pacnono>KeHbi  b6jih3h  ocHOBamw,  nacTO  Ha3MBaiOT  ^ohhbimh  (pnc.  3.1, 
no3.  5). 

no  pacnono>KeHHK)  othochtcjibho  pycjia  peKH  pa3JiHHaiOT  pycnoebie,  6e- 
pezoebie  hjih  nouMeunbie  BoaonponycKiibie  coopy>KeinHi. 

no  KOHCTpyKTHBHbiM  ocoSeHHOCTMM  nonepenHoro  ceneHH^i  Bbi,a,ejnHOT: 
onwpbimbie  (pnc.  3.1,  no3.  2;  pnc.  3.2,  no3.  7);  3aKpumue  (pnc.  3.2,  no3.  2); 
KOMdumipoeaHHbie  deyxbxpycnbie  (pnc.  3.2,  no3.  5). 

no  ycjiOBmiM  HBH/KeinHi  BOflbi  b  hx  npe^ejiax  paaaHHaiOT  6e3HanopHbie 
(pnc.  3.1,  pa3pe3  A-A),  nanopnbie  BOflonponycKHbie  coopy^emm  h  co  CMe- 
maHHbiM  zudpaejiimecKUM  pejiciiMOM. 

no  BejiHHHHe  ^eHCTByromero  Hanopa  H  HeT  ycTaHOBHBHieiicfl  KJiaccn- 
(j)HKau,HH  BOflonponycKHbix  coopy>KeHHH.  OpHeHTHpOBOHHO  MO>xeT  Gbitb 
npHH^TO  caeayiouiee  neaenne:  HU3KonanopHbie  (H  <  12  m),  cpednenanopubie 
(12  m  <  H  'v  80  m)  H  6blC0K0HCM0pHbl&  (77^  80  m). 

Hn>Ke  paccMOTpHM  HeKOTOpbie  BOflonponycKHbie  coopy>KeHmi. 


136 


Phc.  3.1.  CxeMa  ruApoyajia  c  iuiothhoh  h3  rpyHTOBbix  MaTepHajiOB  h 
6eperoBbiM  OTKpbiTbiM  boaocSpocom:  1  -  nnoTHHa;  2  -  6eperoBOH 
OTKpbiTbiH  BOflocSpoc;  3  -  moct  nepe3  BOflocSpoc;  4  -  noflBOflamHH 
xaHaji;  5  -  BOAoenyex;  6  -  BOAOBbinycK;  7  -  KaHaji;  /BX  -  BxoflHaa 
Haci  b;  /xp  -  rpainm  naa  naci  b;  IK  -  KomjCBaa  lacib;  /nep  -  ynacTOK  ne- 
pcxoaa  k  ecTecTBeHHOMy  noTOKy;  YMO  -  ypoBeHb  Me>KeHHbix  boa; 

Oily  -  (|)opcHpoBamibiH  naBOAKOBbiii  ypoBeHb 


Phc.  3.2.  CxeMa  n-wpoyajia  c  3aKpbiTbiM  (maxTHbiM)  h  OTKpbiTbiM  (b  Mec- 
Te  ecTecTBeHHoro  nomoKeraia  pejibecjia)  SeperoBbiMH  BOAoeSpocaMH:  1  - 
OTKpbiTbiM  BOAoeSpoc;  2  -  3aKpbiTbiii  BOAoeSpoc;  3  -  ruiOTHHa;  4  -  otbo- 
Ahiahh  Tymiejib  maxTHoro  BoaocSpoca;  5  -  npoSxa  (ao  ee  ycipoiici  Ba 
no  TyHHejiio  nponycKajiHCb  CTpoHTejibHbie  pacxoAbi);  6—  inaxra;  7-  3a- 

BHCHMOCTb  Q  =  mb  yjlgH3/2  ;  8  -  3aBHCHMOCTb  Q  =  pO)|,i,ix  42qz 
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1.1.  Tmibi  Boao3a6opm>ix  coopyjKeHHH 


r H^poTexHHHecKiie  coopyjxeHna,  oSecnennBaioinHe  3a6op  boabi  H3  bo- 
flOeMOB  H  BOaOTOKOB  OpOUieilHH  3eMeJlB  H  flJia  pa3JIHHHBIX  X03HHCTBemibIX 
HyjKfl,  Ha3BiBaiOT  GodojadopaMU  [8], 

IIo  BHfly  HCnOJIB3yeMOrO  BOflOHCTOHHHXa  pa3JIHHaiOT  BOfl03a6op  peHHOH, 
03epH0H  (BOAOxpaHHJiHmHBiii),  a  no  cnocoSy  OTSopa  boabi  -  SecnjiOTHHHBin  n 
nJlOTHHHBIH. 

Bo^a  MO>xeT  no^aBaTBca  hjih  caMOTexoM  no  xaHanaM,  hjih  >xe  no  Hanop- 
hbim  TpySonpOBO^aM.  Ecjih  b  nepno#  nonHBOB  ecTecTBeHHBin  poxnM  pexn 
oSecnennBaeT  BO^onoTpeSneHne  n  BBicoTy  ypOBHa  Ha^  oSnexTaMH,  to  ycTpan- 
BaiOT  SecnjiOTHHHBin  BO,zi03a6op.  B  npOTHBHOM  cjiynae  HeoSxoflHMBie  ypOBHH  b 
pexe  co3^aiOTca  c  noMomBio  njiOTHHHoro  BO,no3a6opHoro  y3Jia. 

^Jia  6opb6bi  c  HaHOcaMH  b  BOfl03a6opHBix  y3Jiax  ncnojiB3yiOT  ocoSeHHO- 
cth  rHflpaBJinnecKOH  CTpyKTypBi  noTOxa:  nonepennyio  mipRynamno,  BHHTOBoe 
flBH5xeHne  n  aBJieHne  oSTexaHna  noTOxoM  nperpa^Bi. 

npn  SecnjiOTHHHOM  BOfl03a6ope  y3en  coopy>xeHHH  oSbihho  coctoht  H3 
rojiOBHoro  peryjwTOpa,  nonBonauiero  Kan  an  a  (ecnn  perynaTOp  pacnojiaraeTOi 
Ha  HexoTOpOM  y^ajieHHH  ot  pexn),  OTCTOHHnxa,  pBi6o3arpa^HTejiM,  myro-  n 
MycoposauiMTii bi x  ycTponcTB  n  np.  -  Bee  tth  coopy>xeinni  MoryT  OTJinnaTBca 
no  xoHCTpyxu,nn  n  hmctb  pa3JinnHBie  pacneraBie  cxeMBi. 

npoexTHpOBamw  SecnjiOTHHHoro  penHoro  n  BOflOxpaHHJininHoro 
BOfl03a6opa  hcxoahbimh  flaHHBiMn  cny>xaT  MaxcnManBHBie  n  MnHHMajiBHBie 
ypOBHH  B  HCTOHHHXaX  C  paCHCTHOH  oSeCneneHHOCTBK),  COOTBeTCTBeHHO,  97-90  %. 
nepBBie  3HaneHna  npe^enoB  OTBenaiOT  I  xaTeropnn  Ha^emiocTH  no^ann  boabi, 
BTOpBie  -  III  xaTeropnn. 

npn  pacHCTe  nnoTHiniBix  Bono3a6opiibix  rnnpoyanoB  mcxohht  H3  Maxcn- 
ManBHBix  pacnemBix  pacxo^OB  b  pexe. 

npn  npoexTHpOBaHnn  BOfl03a6opHBix  rnflpOTexHHnecxnx  coopy>xe- 
hhh  cne^yeT  pyxoBO^CTBOBaTBCfl  CHnn  2.06.03-85,  CHnn  2.04.02-84, 
CHnn  2.06.01-86,  CHnn  2.02.02-85  n  BCH  33-2.2-87. 

1.1.1.  EecibioTHHHbm  peHHoii  B0^03a6op 

EecnjiOTHHHBin  penHon  BO,no3a6op  mo>xho  ocyinecTBjniTB  b  cnynae,  xo- 
r^a  ypOBHH  boabi  b  pexe  oSecnennBaiOT  xoMaH^OBaHne  Ha#  ypOBHeM  MarncT- 
panBHoro  xaHana  (BOflOBO^a)  npn  SjiaronpmiTHBix  TonorpacjDnnecxnx,  rn^po- 
jiornnecxnx  n  HH5xeHepHO-reojiornnecxHx  ycnoBnax. 

no  MecTonojio>xeHHK)  BOflonpneMHnxn  SecnjiOTHHHoro  B0^03a6opa  ^e- 
jMTCfl  Ha pycnoebie  n  depesoebie  (pnc.  3.3,  3.4)  [7], 

no  xoHCTpyxu,HH  BO,no3a6opHBie  coopy>xeHHa  SecnjiOTHHHoro  rana  no^- 
paanenHiOT  Ha  noeepxHocmnbie  (oTxpBiTBie  n  3axpBiTBie)  n  donnbie  mpamueu 
(ranepen)  c  eodonpuejviHoii  peuieniKou. 
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ITOBepXHOCTHBie  B0^03a6opHLie  COOpy>KeHHa  SbIBaiOT  nO,HBH>KHbIMH  H 
CTapHOHapHBIMH. 

IIoaBH>KHBie  npHMeHaKDT  npH  MexaHHHeCKOM  3a6ope  BOflbl  (HaCOCHbIMH 
CTaHU,HaMH). 

CTapnoHapHBie  noBepxHOCTHbie  Boao3a6opt.i  MoryT  6bitb: 

•  6e3  pezyjwmopa  b  ronoBe  xaHajia  (pnc.  3.3)  -  npHMeHaiOT  npH  ko3(|)- 
(})Hu,HeHTe  B0^03a6opa  0, 1  Ha  Sojibhihx  pexax  c  Say^KaaiomHM  pycaoM; 

•  c  pezyjwmopoM  b  ronoBe  KaHana  (pnc.  3.4)  -  npHMeronoT  npH  pa3Mbi- 
BaeMOM  6epere  c  y^aneHneM  Ha  HexoTOpoe  paccimHHe; 

•  B  BH^e  60d03a6opHblX  Koeiueu  C  BepXOBBIM  HJIH  HH30BBIM  nHTaHHeM  H 
c  a  m  o  n  p  o  m  b  i  b  a  i  o  uhi  x  ca ; 

•  b  BHae  eodonpueMHUKoe  KdMepnozo  muna,  pacnono>xeHHbix  OTaejibHO 
OT  HaCOCHOH  CTaHH,HH  HJIH  COBMeiHeHHbIX  C  HCH. 


Phc.  3.3.  CxeMa  SecnjiOTHHHoro  Boao3a6opa  fljia  pex  c  SjiyacjiaiomHM 
pycjiOM:  1  -  pcKa;  2  -  n po ko n bi-o  ici  o h 1 1 m k h ;  3  -  Kanaji 


Phc.  3.4.  EecnjiOTHHHbiH  BoaosaSop  c  oeperoBbiM  peryjurropoM: 
1  -  pcKa;  2  -  BoaonpHCMiibiH  pcryjmop;  3  -  Kanaji;  4  -  ot- 
paacaTejib  HaHOCOB  (mnyHTOBaa  CTeHKa) 


Bo^03a6op  c  peryjinpyiomHM  coopyixeHHeM.  PeryjiHpyiomee  coopy- 
•/Kenne  b  ronoBe  xanana  no3BOJiaeT  3naLiHTeabno  yjiynmHTb  ycaoBna  Secnjio- 
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THHHoro  Boao3a6opa.  ,Z],na  yMeHBineHHa  3axBaTa  HaHOCOB  peKOMeHayeTca  pa3- 
MemaTb  BO^onpHeMHHKH  Ha  BorayTOM  6epery  peKH  b  oaHy  jihhhkd  c  SeperoM,  a 
Taxace  HcnojiB30BaTb  CTpyeHanpaBnaiomHe  chctcmbi  h  peryanpoBaHHe  bbico- 
toh  maH^opHoro  nopora. 

Hh30boh  6opT  Bxoanon  nacTH  peKOMenayeTca  BbinonnaTb  b  Bone  BepTH- 
KanbHOH  CTeHKH  (mnyHTOBOH,  acene3o6eTOHHOH  h  t.  n.),  KOTOpaa  nrpaeT  pout 
OTpaacaTena  HaHOCOB  (cm.  pnc.  3.4). 

PacneTHyK)  MyTHOCTB  Boati  b  KaHane  peryjiHpyiOT  c  noMomtio  otctoh- 
hhkob.  B  CBa3H  c  3THM  Boao3a6opHoe  coopyaceHHe  pacnoaaraiOT  Ha  HeKOTOpOM 
paccToaHHH  (1, 5-3,0  km)  ot  6epera  peKH. 

Bo^03a6opHbie  kobiiih.  Hx  HcnojiB3yiOT  ana  OTSopa  othochtcjibho  He- 
SoaBHioro  pacxoaa  Boati  ana  opomeHHa  hcSojibhihx  ynacTKOB  3eMenB  [7], 

YcTpanBaiOT  kobuiii  asyx  BHaoB  (pnc.  3.5):  He3amonjieHHbie  -  ana  3am,HTBi 
BoaonpHeMHHKOB  ot  uiyroneaoBBix  noMex  Ha  pexax  c  bbicokhm  ypOBHeM  BoaBi  b 
3HMHHH  nepHoa  (pnc.  3.5,  6,  a);  3amamueaeMbie  b  nepnoa  nonoBoaBa  (pnc.  3.5,  e), 
ho  He  3aTonjiaeMBie  npn  anawHTenbno  6onee  hh3khx  ypOBHax  oceHHero  myroxoaa 
(pnc.  3.5,  a).  OTMeTKy  ana  KOBrna  onpeaenaiOT  no  MHHHManBHOMy  ypOBmo  Boati. 
Ilopor  BoaonpneMHBix  OTBepCTHH  aonaceH  6bitb  noaHaT  Haa  anoM  He  MeHee  hcm 
Ha  0,5  m. 

IXlHpHHy  KOBrna  no  any  onpeaenaiOT  no  pacxoay  Boao3a6opa,  ycnoBHOH 
cpeaHen  ckopocth  b  KOBrne,  rnySHHe  Boati  b  KaHane  KOBrna,  rnyOnHe  Boati 
Mencay  nea^HBiM  noKpOBOM  h  OTnoaceHHeM  HaHOCOB  b  KOBrne  h  3anoaceHHio  ot- 
KOCOB  KOBHia. 


Phc.  3.5.  Tmibi  BoacmOopHbix  KOBmeM:  1  -  BepxoBaa  3aT0iui»eMa»  aaM6a;  2  - 
HH30Ba»  nc  jai  oiiJiacMaa  na\i6a;  3  -  nacocnaa  cTamjHa;  4  -  peryjorropbi;  5  -  He- 

3aTonjiaeMaa  pycnoBaa  aaM6a 

,I(na  yMeHBHieHHa  h36bitohhoh  3aHOCHMOCTH  KOBHien  HaHoeaMH  HeoSxo- 
anMO  ycTpaHBaTB  Ha  hx  Bxoae  Kocyio  3aTonnaeMyio  b  naBoaKH  h  nonoBoata 
rnnopy  h  SopTOByio  CTpyeHanpaBnaioinyK)  CTeHKy. 

rpeSeHB  rnnopBi  He  aonaceH  6bitb  BBirne  cpeaHero  ypOBHa  MeaceHH. 
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Bo^onpHeMHHKH  KaMepHoro  THna  (kojio^pw).  BoaonpHeMHHKH  Ka- 
MepHoro  THna,  coBMemeHHbie  c  HacocHoii  CTaHpnen,  npHMeronoT  b  cnynae 
np aKTHH e ckh  paBHBix  OTMeTOK  3ano5KeHHa  (J)yH^aMeHTa  Boao3a6opHoro  co- 
opy'/Kenna  hjih  3aanna  HacocHoii  CTanmin,  npn  OTcyrcTBHH  neoSxoaHMOCTH 
coKpameiiHH  BoaonpueMiioro  (j)pOHTa  h  hihphhbi  aBaiiKaiviepbi  (npn  ycTaHOBKe 
BepTHKaJlbHBIX  HacocoB  (pnc.  3.6)). 


Phc.  3.6.  EeperoBoM  occnjiornnnbin  (Ka\icpnbin)  BoaoaaSop:  1  -  BoaonpncMiioc  orac- 
jiemie  ocpcroBoro  KOJioaaa;  2  -  MexaHH3M  noa'bCMa  npoMbiBHoro  ycrponciBa  pbiScrn- 
ipaanicjibiiOH  ceTH;  3  -  KpaH-6ajiKa;  4  -  npnBoa  h  npoMbiBHoe  ycTpoiiCTBO  Bpamaio- 
mcnca  copoyacp>KHBaiouiCH  cci  kh;  5  -  Bpamaiomaaca  copoyaepacHBaiomaa  ceTKa;  6  - 
moctoboh  KpaH;  7  -  nacocnaa  cranuna  I  noa'bCMa;  8  -  cocannnrejibnbin  mocthk;  9  -  Ha- 
nopHbiii  ipySonpoBoa;  10  -  Hacoc;  11  -  MOHopeabc;  12  -  BcacbiBaiomHH  rpySonpoBoa; 

13  -  BcacbiBaiomee  oraejicnnc  SeperoBoro  KOJioaaa;  14  —  nepenycKHOH  narpySoK;  15  - 
jiecTHHu,a-CTpeMaHKa  c  orpancaeHHeM;  16  -  nepc^opiipoBaHHaa  ipy6a  ana  Biviynn  Banna 
ocaaKa;  17  -  3yMn(j)  CTpojrrejibHbiH;  18  -  BcacbiBaiomHH  ipySonpoBoa  rpaacBoro  Haco- 
ca;  19  -  pbi6o3ai  paanicjibnaa  ceTKa;  20  -  Kawcnnaa  naSpocKa  Kpcnncnna  ana  peKH; 

21  -  BoaonpHeMHbie  OKHa;  22  -  npoMbiBHoe  ycTpoMcTBO  pbiSoaaipaan  i  cjibnon  ceTKH 

OTaeaBHO  CToamne  SeperoBbie  BoaonpneMHbie  coopyaceHHa  npHMeroi- 
K)Tca,  ecjin  naoma^b  cj)yH,naMeHTa  Boao3a6opHoro  coopyaceHHa  MeHtnie  nao- 
njaan  (J)yHaaMeHTa  3^aHHa  HacocHoii  CTaHpHH  6oKca  b  a Ba  pa3a,  ecTb  B03M05K- 
hoctb  cymecTBeHHoro  yMeHbmeHHa  rjiy6HHbi  3ajic»KeHHa  (J)yHaaMeHTa  Hacoc- 
hoh  CTaHpHH,  TpeSyeTca  anawnTeabnoe  yBennweiiHe  mupnHbi  aBaHKaMepbi. 
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BOflOnpHeMHHKH  BCaCBIBaiOmHX  TpySonpOBO^OB  HaCOCOB  #OJI5XHbI  o6ec- 
neHHBaTb  Ha#e>XHbIH  3a6op  BO#bI,  He3aBHCHMOCTb  paSOTBI  BCaCBIBaKDmHX  Tpy- 
6onpOBO#OB,  B03M05KH0CTB  OTXJIIOHeHHa  HaCOCOB  6e3  nepepBIBa  nO#aHH  BO#bI 
#pyrHMH  HacocaMH,  a  Tax>xe  npe#OTBpameHHe  3acacbmaHHa  B03#yxa,  nnaBaio- 
ihhx  npe^MeTOB  h  copa. 

Eepezoebie  KOJiodubi  c  hrockumu  cenwaMU  xax  OT#ejibHbie  coopy>Kenmi 
name  Bcero  npHMemnoT  #jhi  3a6opa  Manbix  pacxo#OB  bo#bi  (1,0-1, 2  m  / c),  #o- 
nycKaiOLHHx  ycTaHOBKy  njiocxHx  cbeMHbix  ceTOK,  b  cjiynae  ooopy#OBanmi  bo- 
#onpneMHbix  okoh  Ha  orojiOBKax  pemeTKaMH.  EeperoBbie  xojio#h,bi  BbinojnnnoT 
H3  5Kejie3o6eTOHa  a b y x c e k mi o n n b i m h  KpyriibiMH  b  njiaHe  #MaMCTpoM  ot  4  /jo  8  m. 
OTMeTKy  #Ha  xojio#n,a  ycTaHaBJiHBaiOT  HCxo#a  H3  bbicotbi  paSoneii  30hbi  nacTH 
nOJIOTHHUia  ceTOK,  OTCHHTbIBaeMOH  OT  MHHHMaJIbHOrO  ypOBHa  BO#bI.  Ha  #He 
KOJiOflpa  #ejiaiOT  npmiMOx  #jhi  oca#xa  rjiySHHOH  0,7  m.  BcacbreaiomHe  Tpy6o- 
npOBOflbi  3arny6jiaK)T  no#  MHHHMajibHbin  ypOBeHb  bo#bi  b  xojio#u,e  (He  MeHee 
neM  Ha  0, 6-1,0  m)  hjih  Ha  rjiySnHy  h  >  2 dBC,  r#e  dBC  =  1,3 d  -  Sojibhihh  #naMeTp 
BcacbiBaromero  naTpySxa.  Bxo#Hoe  ceneHne  BcacbiBaiomero  Tpy6onpOBO#a 
pa3MemaiOT  Bbime  #Ha  Ha  paccToaHHH  He  MeHbmeM  0,8  dBC.  CaMOTenHbie  Tpy- 
6onpOBO#bi  o6opy#yiOT  yKoponemibiMM  3  a#B  h>xx  a m h .  BHyTpH  xojio#H,a  x  ca- 
MOTeHHblM  J1HHH3M  npHCOe#fflHHOT  TpySbl  #JHI  oSpaTHOH  npOMbIBXH. 

B  depezoeux  eodonpueMHbix  Konoduax  Boaonpueivinbie  OTBepcTmi  pac- 
nojiaraKDT  no  hx  BHemHeii  rpaHH  h  CHa6>xaK>T  Heo6xo#HMbiMH  npHcnocoSjie- 
HHaMH  #na  onycxaHHa  h  no#beMa  pemeTOx,  pbi6o3arpa#HTejibHbix  ceTOx,  3a- 
TBOpOB  (na3bi,  6jioxh,  HacTeHHbie  Jie6e#xH  h  np.). 

B  BO#03a6opHbix  coopyjxemnix  Sojibhioh  nponycxHon  chocoShocth 
HHCJIO  eexpHH  BO#OnpHeMHbIX  XOJIO#H,eB,  o6opy#OBaHHbIX  BpamaKDHIHMHCM 
ceTxaMH,  npHHHMaeTCM  paBHbiM  nncny  HacocoB. 

Tax  xax  SbiTOBbie  mySHHbi  pex  He#ocTaTOHHbi  #jhi  pa3MemeHHa  no# 
ypOBH^MH  MaxeHH  TpeSyeMoro  nncjia  BO#onpneMHbix  OTBepCTHH  nepe#  bo#o- 
npneMHHxaMH  ycTpanBaiOT  yrayOaenmi  #Ha  pycjia  b  BH#e  3aTonjiaeMbix  caMO- 
npOMbiBaKDHiHxca  xoBmeil. 

1.1.2.  ILlIOTHHHblH  peHHOH  BO#03a6op 

njiOTHHHbin  BO#03a6opHbiii  rH#poy3en  npe#CTaBJiaeT  co6oh  xoMnjiexc 
rn#pOTexHHHecxHx  coopy>xeHHH,  BXjnonaioiHHx  BO#ono#nopHoe  coopy>xeHHe. 
Kax  npaBHJio,  penHbie  BO#03a6opHbie  rH#poy3Jibi  6biBaK)T  HH3xoHanopHbiMH 
(Hanop  #o  10m). 

PeryjiHpoBaHHe  peiKHMa  HaHocoB.  npn  hjiothhhom  BO#03a6ope  pery- 
jinpOBaHHe  poxHMa  HaHocoB  oSbihho  MHorocTyneHnaToe.  cDpaxipiH  BJiexoMbix 
HaHocoB  #naMeTpoM  6onee  d50  pexoMeH#yeTca  3a#ep>xHBaTb  b  pexe  c  noMO- 
HJbK)  XOHCTpyxpHH  BO#03a6opHbIX  rH#pOy3JIOB,  (j)paXU,HH  BJiexoMbix  HaHOCOB 
#naMeTpOM  ot  dsQ  #0  d-15  3a#ep5XHBaK)TCM  HaHOConepexBaTbiBaioiHHMH  ycTpon- 
CTBaMH  Ha  xaHajie.  nojiHyK)  onncTxy  bo#bi  ot  BJiexoMbix  HaHocoB  cne#yeT 
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OCymeCTBJIflTB  B  OTCTOHHHXaX.  Hx  HeoSxOflHMOCTB  H  MeCTOnOHOXeHHe  yCTa- 
HaBJiHBaKDT  b  xaac^OM  KOHKpeTHOM  eaynae  [8,  15]. 

OTMeTKy  Hny  rnapoysaa  naanawaiOT  H3  ycaoBHa  oSecnewenna  xoMaH- 
^OBaHHa  Ha#  ypOBHeM  MaracTpaaBHoro  xaHaaa  b  nepno#  MaxcHMaaBHoro  bo- 
#03a6opa. 

KOMnOHOBKy  H  XOHCTpyXH,HH  COOpy>KeHHH  BO#03a6opHBIX  rHflpOy3JIOB 
Ha  peicax  c  HeSoaBHiHM  co#ep}xaHHeM  HaHOCOB  b  noTOxe  BBi6HpaiOT  6e3  yneTa 
HaHOCOB,  H3  ycaoBHa  HaHJiynniero  y#OBaeTBOpeHHa  TpeSoBaHHH  3xcnayaTau,HH 
Ha  OCHOBaHHH  TeXHHKO- 3KOHOMHHeCKOrO  COnOCTaBJieHHa  BapHaHTOB. 

npH  npOeKTHpOBaHHH  COOpy>KeHHH  BOa03a6opiIBIX  rHflpOy3JIOB  OpOCH- 
TeaBHBix  CHCTeM  Ha  pexax  c  o6hjibhbimh  bjickombimh  HaHOcaMH  npH  3HanH- 
TeJIBHOM  K03(j)(j)HU,HeHTe  BO#03a6opa  Ha^JieJKHT  yHHTBIBaTB  HHTeHCHBHBie  py- 
caoBBie  npopeccBi  b  BepxHeM  h  hhjkhcm  6Be(j)ax  rH#poy3aoB. 

KoMnoHOBKa  h  xoHCTpyxriHH  eoopyaceHHH  rnapoyaaoB  Ha  pexax  c 
oShjibhbimh  BJieKOMBiMH  HaHOcaMH  #oaacHBi  oSecnenHBaTB  no##epacaHHe  bbi- 
SpaHHOH  CTpyKTypBi  noTOKa  b  #Hana30He  paexo#OB  bo#bi,  cooTBeTCTByioiHHx 
nepeMemeHHK)  BaexoMBix  HaHOCOB. 

PeryjiHpoBaHHe  pycjia.  PeryanpOBaHHe  pyeea  pex  npOH3BO#aT  Kaic  b 
BepxHeM,  Tax  h  b  HnacHeM  SxecjDax  [4,  7], 

PeryanpOBaHHe  pycaa  b  BepxHeM  SxecjDe  rH#poy3aa  npOH3BO#aT  b  peaax 
C03#aHHa  onpefleaeHHoii  rH#paBaHHecxoH  CTpyKTypBi  BO#Horo  noTOxa,  o6ec- 
neaHBaKDHieH  HOpMaaBHBie  ycaoBHa  3xcnayaTau,HH  rnapoyaaa  npH  aannoM  th- 
ne  xoMnoHOBXH  eoopyaceHHH.  PeryanpOBaHHe  pycaa  b  BepxHeM  Sneeze  cnoco6- 
CTByeT  eo3#aHHio  CTaSnaBHoro  no#xo#a  noTOxa  x  eoopyaceHHio  h  CTaSnaBHO- 
cth  ero  CTpyxTypBi  c  pacnpe#eaeHHeM  no  30HaM  aai#xoro  h  TBep#oro  y#eax- 
hbix  pacxo#OB,  a  Taxace  npe#OTBpameHHio  o6xo#a  nan  pa3pymeHHa  rH#poy3aa 
pexoil. 

B  3aBHCHMOCTH  ot  HeoSxoflHMOH  CTpyxTypBi  noTOxa,  oSycaoBaeHHOH 
xoMnoHOBxoH  h  xoHCTpyxu,HeH  coopyaceHHH  rnapoysaa,  3aperyaHpOBaHHOMy 
pycay  b  BepxHeM  OBecj)e  npnaaiOT  npaMoannennyio  nan  xpHBoaHHeHHyio  (})opMy. 

PeryanpOBaHHe  pycaa  b  HnacHeM  SxecjDe  #oaacHO  oSecnenHTB  naaBHoe 
conpaaceHne  pexn  c  OTBO#amHM  pycaoM,  npe#OTBpameHHe  ctohxocth  noTOxa, 
ycTOHHHBOCTB  pycaa  x  pa3MBiBy,  noBBimeHHyio  TpaHcnopTHpyiomyK)  cnoco6- 
hoctb  noTOxa  #aa  y#aaeHHa  OTaoaceHHH  Ha  pexax  c  oShhbhbimh  bhcxombimh 
HaHOcaMH.  B  HnacHeM  SxecjDe  3aperyaHpOBaHHoe  pycao  npoexTnpyiOT  n  pa  Mo¬ 
an  neii  noil  (j)opMBi  flaHHoil  (1-2)  BycT,  r#e  BycT  -  mnpHHa  ycTOHHHBoro  npaMO- 
aHHeiiHoro  pycaa. 

TaaBHBiM  napaMeTpOM  3aperyaHpOBaHHoro  pycaa  xax  b  BepxHeM,  Tax  h  b 
HnacHeM  SxecjDax  rH#poy3aoB  aBaaeTca  mnpHHa  ycTOHHHBoro  npaMoaHHeilHoro 
pycaa  BycT,  xoTOpyK)  ana  Bcex  yaacTxoB  pex  pexoMennyeTca  onpenenaTB  no 
(jDOpMyae 
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(3.1) 


By"  =  jQpgH/[rpf  , 

pzje  Qp  -  pycno(J)opMHpyiomHH  pacxofl,  m  /c;  H  -  rnyOnHa  b  BepxHeM  Steele, 
npHHaTaa  H3  ycaoBiia  oSecneweinui  KOMaiinoBanmi  nan  ypOBHeM  bo^bi  b  Kana- 
nax,  m;  [Vp]  -  KpHTHnecKaa  nepasMbiBaiomaa  cxopocTb  naa  pycnocfiopMHpyio- 
miiX  (})paKU,HH  peHHBIX  OTJlOJKeHHH,  m/c. 

,Z],jia  paBHHHHBix  ynacTKOB  pex,  cao>KeHHBix  m ea ko n ec a  a  n  bi m h  otjiojkc- 
HHaMH,  mo>kho  nojiB30BaTE.ca  (j)opMyjion  X.  III.  IUannpo  [7]: 

BycT  =  0,16-(ep/;)0'5,  (3.2) 

r,ne  i  -  yKJiOH  pejiBec[)a. 

npnMOJiuHeimoe  3ape2ynupoeaHHoe  pycno  b  BepxHeM  6t,e(j)e  rHflpoy3Jia 
coctoht  H3  npaMonnHeiffloro  h  pacTpySHoro  ynacTKOB  (pnc.  3.7).  ^nHHa  npa- 
MOJiHHeHHoro  ynacTKa  (3-5)  BycT.  PacTpyOiibn'i  yaacTOK  cayjKHT  naa  conpa>xe- 
Hna  npaMOJiHHeiiHoro  ynacTica  c  ecTecTBeHHbiM  pycnoM.  Yron  pacxoK^eHna 
pacTpySHoro  ynacTica  no  OTHomeHmo  k  npaMOJinHenHOMy  cocTaBaaeT  30-45°. 


Phc.  3.7.  3jieMeHTbi  np^MOJiHiiCHiioi  o  3aperyjiHpoBaHHoro  pyejia: 

1  -  noaBoaamee  pycno;  2  -  BOfl03a6opHbiH  raapoy3eji;  3  -  KaHaji; 

4  -  OTBoaaiaee  pycno 

Kpueojiuneimoe  3ape2yjiupoeaHHoe  pycno  (pnc.  3.8)  Ha3HanaiOT  .zpihhoh 
(3, 5-5, 5)  BycT,  pa^nyc  KpHBH3Hbi  reoMeTpnnecKon  ocn  pycna  cocTaBaaeT 
(3-5)  BycT,  peHTpajibHbin  yron  noBOpOTa  -  45-70°. 

npn  npoeKTHpOBaHHH  BonoraaopaaOopnoro  rn^poy3Jia  b  imipOKon  mho- 
ropyKaBHon  nonMe  peKH  conpajKeHne  KpHBoanHenHoro  3aperyjinpOBaHHoro 
pycna  c  ecTecTBeHHbiM  ocymecTBaaiOT  c  noMombio  pacTpySHoro  ynacTica.  Co 
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CTOpOHBi  BorayToro  6epera  pacTpySHbiH  ynacTOK  conparaeTca  c  npaMOJiHHeii- 
hbim  ynacTKOM  anHHOH  (1-2)  BycT,  nepexoaaiu,HM  b  KpiiBOJiHHeHHbiH  paanycoM 
60-70°.  Co  ctopohbi  BBinyKJioro  6epera  pacTpySHBiii  ynacTOK  HanHHaeTca  c 
KpiiBOJiHHeHHoro  ywacTKa  paanycoM  (1,5-2, 5)  Byci  h  ueiiTpaabiibiM  yraoM  no- 
BOpOTa  30-45°  n  3aKaHHHBaeTca  npaMOJiHHeifflbiM  ynacTKOM,  reoMeTpHnecicaa 
ocb  KOTOporo  cocTaBJiaeT  c  jiHHHeii  6epera  30-45°. 


Phc.  3.8.  3.iieMeHTbi  KpHBOJiHHeHHoro  3aperyjiHpoBaHHoro  pycjia: 
1  -  noaBoaamcc  pycno;  2  -  BoaoaaSopiibiH  pci  yjia  iop;  3  -  KaHaji; 

4  -  OTBoaamee  pycno;  5  -  BoaocSpoc 


Ochobhbim  ranoM  pycjiOBbinpaMHTejibHbix  coopyjKeHnil  cay>KaT  npo- 
aojibHbie  CTpyeHanpaBJiaiomiie  3eMJiaHbie  aaM6bi  c  KpeiuieHneM  HanopHoro  ot- 
KOCa  KaMeHHOH  HaSpOCKOH,  cSopHbIMH  >KeJie306eT0HHbIMH  nJIHTaMH  H  T.  a. 


1.2.  KOMIIOHOBKa  H  KOHCTpyKIJIM 
Boao3a6opHbix  rH/ipoy3JiOB 

Ilo  KOHCTpyKTHBHbIM  IIpH3HaKaM  MOryT  6bITb  BbiaeaeHbl  CJieayiOmHe  oc- 
HOBHbie  THnbI  BOa03a6opHbIX  y3JIOB:  SOKOBOH,  (jDpOHTaJIbHblH,  aOHHO- 
pemeTHaTbiii  ii  SbiHKOBbiil.  Ha  jiioSom  ynacTice  peKH  bo3mo5kho  npHMeHeHHe 
Kax  MHHHMyM  aByx  paBHopeHHbix  THnoB  Boao3a6opHoro  rHapoy3Jia.  npeanon- 
THTeabHOCTb  Toro  hjih  HHoro  rana  rHapoy3Jia  b  KOHKpeTHbix  ycnoBHax  bbmb- 
aaiOT  b  pe3yjibTaTe  aeTaabHoro  TexHHKO-3KOHOMHHecKoro  conocTaBJieHna  Ba- 
pHaHTOB  [4,  7]. 


1.2.1.  Eokoboh  Boao3a6op 

Eokoboh  Boao3a6op  oSecnenHBaeT  OTBoa  Haem  pacxoaa  Boati  H3  peKH 
noa  yrnoM  k  HanpaBJieHHK)  ee  TeneHHa.  npn  6okobom  OTBoae  Boati  H3  peKH 
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B03HHKaeT  HacTHHiibiH  noBOpOT  noTOKa  h  pa3BHBaeTca  iviecTiiaa  rionepewnaa 
miprynanHa. 

B  cocTaB  coopyaceHnn  rHflpoy3Jia  npn  Sokobom  B0^03a6ope  Bxo,naT  ne- 
peropaacnBaiomaa  BO^ocSpocHaa  nnoTHHa,  pacnonoaceHHaa  (j)pOHTajibHO  k 
peHHOMy  noTOKy,  h  SeperoBbie  BOflonpneMHHKH.  PeryanpOBaHne  HaHOCHoro 
peacHMa  npH  6okobom  B0^03a6ope  npojOBOflHTca  [7]: 

•  3a  cneT  HaHOConepexBaTBiBaiomnx  ranepen  b  nopore  BO^onpneMHHKa 
(pnc.  3.9,  3.10); 


Phc.  3.9.  OflHOCTopoHHHH  Sokoboh  BOfl03a6opHbIH  rHfl- 
poy3eji:  1  -  noHyp;  2  -  npoMbiBHbie  nponeTbi  BoaocSpoca; 
3  -  HaHOConepexBaTbiBaiomHe  rajiepen;  4  -  KaHaji;  5  - 

aBTOMaTHHeCKHH  BOflOCJIHB 


Phc.  3.10.  ^BycTopoHHHH  Sokoboh  BoaoaaSopiibiH  niapoyacji 
c  HaHOConepexBaTbiBaiomHMH  raaepeaMH:  1  -  BoaocSpoc;  2  - 
HaHOConepexBaTbiBaiomHe  rajiepen;  3  -  «KapMaH»;  4  -  KaHaji 


•  «KapMaHa»  (pnc.  3.11)  c  bbihochbim  ropH30HTajiBHBiM  nonoM  Ha  ot- 
MeTKe  nopora  BOflonpneMHnica  b  BepxHeM  6be(j)e  rnflpoy3Jia  (^Jia  orpaHnneHna 
30hbi  3axBaTa  bjickombix  HaHOCOB  n  co3,naHHa  ycnoBun  ocaac^eHna  nx  npn 
nepno^nnecKOM  npOMBiBe  nan  /pia  nocToaHHoro  npoMBiBa  b  HHacHeM  6becj)e); 
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•  HaHOC03amHTHoro  K03Bipt>Ka  b  nopore  BoaonpneMHnica  (pnc.  3.12); 

•  HanpaBJiaroninx  noporoB  c  HaH0C03amnTHbiM  ko3bipbkom; 

•  nojinroHHoro  nopora  BoaonpneMHHKa. 


Phc.  3.11.  Eokoboh  Boao3a6opiibiH  raa- 
poy3eji  c  «KapMaHaMH» :  1  -  noaBoa»mee 
pycno;  2  -  pasaaibiiaa  CTeHKa;  3  -  «Kap- 
MaH»;  4  -  BoaonpHCMiiHKH;  5  -  npo- 
mbibhhkh;  6  -  BoaoSoil;  7  -  pMc6ep\ia; 

8  -  oTBoa»mee  pycno;  9  -  BoaocSpoc 


Phc.  3.12.  Eokoboh  Boao3a6opHbiH  rnapo- 
y3eJI  C  HaH0C03amHTHLIMH  K03BipbKaMH  Ha 
nopore  b  BoaonpneMHHKe :  1  -  noaBoaa- 
mcc  pycno;  2  -  nanocoaauiHinbiH  K03bi- 
peK;  3  -  BoaocSpoc;  4  -  npoMbiBHbie  rajie- 
pen;  5  -  KaHaji;  6  -  oi  Boaauicc  pycno;  7 - 
BoaoSoH 


CnaoniHLie  HaH0C03ainnTHbie  K03BipBKH  b  npoMBiBHBix  noporax  Boao- 
npneMHHKOB  n  nx  pasanmibie  m o  a  h (|) h k a n h m  ncnojiB3yiOT  ana  aauiirrbi  boho- 
npneMHHKOB  ot  nonaaaHna  b  hhx  bjickombix  HaHOCOB  b  pa3JinnHbix  ranax  bo- 
ao3a6opHbix  rnapoy3JiOB:  Sokobom,  (jDpOHTanbHOM,  b  tom  nncjie  c  ncKyccTBeH- 
hoh  nonepenHon  pirpRyaapnen. 

BoaocaHBHaa  naoTHHa  MO>KeT  hmctb  hcckojibko  npoaeTOB  c  pa3HbiMH 
OTMeTKaMH  nopora  b  3aBHCHMOCTH  ot  nx  Ha3HaneHHa.  06a3aTejibHbiM  aBJiaeTca 
ycTponcTBO  npOMbiBHbix  nponeTOB,  oSopyaoBaHHbix  3aTBOpaMn  n  oSecnenn- 
Baiomnx  TpaH3HT  HaHOCOB  B  HH5KHHH  6be(j). 

1.2.2.  Boao3a6op  c  nonepeHHoii  pMpKyjiHiiHeH  noTOKa 

B  Boao3a6ope  aamioro  Tnna  ncnojib30BaHO  aeiiCTBne  nonepenHon  u,np- 
Kyjiapnn  noTOica,  cnocoScTByiomee  3a6opy  ocBeTJieHHon  Boati  n  c6pocy  BJie- 
kombix  HaHOCOB  b  hhjkhhh  6be(f).  Bo3HHKHOBeHHe  b  penHOM  noTOKe  nonepen- 
HOH  U,HpKyjian,HH  M05KeT  6bITb  BbI3BaHO  KpHBOJIHHeHHOCTbK)  njiaHOBoro  onep- 
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TaHiM  noflBOflamero  pycaa  hjih  B3aHMHtiM  pacnojioaceHneM  BOflonpHeMHHica  h 
BOfloeSpoca. 

B  cocTaB  coopy>KeHffli  rHflpoy3Jia  c  nonepenHoii  pHpKyjiapneH  BxoflaT 
KpHBOJiHHeHHoe  ycTpoficTBO  pycaa  uiHpHHoii  BycT  (KpOMe  cnynaeB  co3flaHHa 
MecTHoii  nonepeHHofi  pnpKyjiapHH),  BOfloeSpoc,  BOflonpHeMHHK  h  OTBOflaiu.ee 
pycno  (pHC.  3.13). 


PhC.  3.13.  r H^pOy3CJ[  C  HCII0ab30BaHHeM  lIOIICpCHIIOM  flHpKyjiaflHH 
noTOKa:  1  -  noflBOflamee  pycao;  2  -  BOflocSpoc;  3  -  boaoSoh;  4  - 
OTBoaamec  pycno;  5  -  KaHaji;  6  -  BoaonpucMiibiH  peryaarop;  7  - 
bbihochoh  nanoconanpaBJiHiouiHH  nopor;  8  -  o  i  pavKai  cjib  HaHOCOB 


Phc.  3.14.  rHflpoy3eji  c  Hcnoab30BaHHeM  nonepenHoil 

UMpKyjiaiJHH  nOTOKa  H  KpHBOaHHCHHblM  aBIOMai  HHCCKHM 
BOfloeSpocoM:  1  -  noflBOflamee  pycao;  2  -  KpHBoaHHeii- 
HblH  aBIOMai  HHCCKHH  BOflOcSpOC;  3  -  HaH0C03aiflHTHbIH 
K03bipeK;  4  -  BoaonpucMiibiil  peryaaTop;  5  -  BoaocSpoc; 
6  -  BoaoSoil;  7 -  OTBOflaiH.ee  pycao;  8  -  oipaacaTeab  HaHOCOB 
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Ctbop  BOA03a6opHoro  rnapoy3Jia  pacnonaraiOT  b  Tonxe  nepeceneHna  xa- 
caTejiBHoii  k  BbinyKJiOMy  6epery,  npoBeaennon  H3  Havana  xpiiBon,  c  BorayrbiM 
SeperoM  no  ype3y  Boau. 

npn  KOMnoHOBKe  rnapoy3Jia  HeoSxoanMO  oSecnennBaTb  npnMbixaHne  k 
BOAonpneMHHKy  npoMBiBHoro  npoaeTa  BoaocSpocHon  njiOTHHBi  (c  noHnnceH- 
hbim  noporoM). 

Ha  pexax  co  3HannTejibHbiMH  xoneSaHnaMH  pacxoaoB  npn  SbiCTpoM  Ha- 
pacTaHHH  naBO^KOB  b  cocTaB  BoaocSpocHon  njiOTHHbi  HeoSxoanMO  bboahtb 
KpHBOJiHHenHbin  b  naaHe  BoaocjiHB  -  c6poc  Ha  OTMeTKe  Hny  rnapoy3Jia 
(pnc.  3.14).  ^Jia  noaaepacamia  cnaSeiomen  b  MeaceHb  nonepenHon  n,Hpxyjiau,nn 
3tot  boaocjihb-c6poc  aojnxeH  6biTb  BbiaBHiiyT  b  BepxHHH  6becj)  h  pacnonaraTb- 
ca  MC/Kay  npOMbiBHon  nacTbio  BoaocopocnoH  njiOTHHBi  n  BbinyKJibiM  oeperoM. 


1.2.3.  OpoHTajibHbiH  B0^03a6op  b  npuMOJiHHeHHOM  pycjie 

Taxon  Boao3a6op  oSecnennBaeT  BepTHKanbHoe  paccjioeHne  noTOxa  c  Ha- 
HOcaMH.  npn  3tom  BepxHHH  ocBeTJieHHbin  cjioh  Boau  3a6HpaeTca  BO^onpneM- 
HHxaMH  n  noaaeTca  nepe3  jiotox  b  xaHan.  HnacHnn  cjioh  noTOxa,  oSorameHHbin 
HaHOcaMH,  cSpacbiBaeTca  nepe3  aoHHbie  npOMbiBHbie  ranepen  b  hh)xhhh  6bec|) 
rnapoy3Jia.  OpOHTajibHbin  BoaoaaSop  npiiMcnaiOT  b  npearopHbix  n  paBHHHHbix 
ynacTxax  pex  ana  noaann  6jih3xhx  no  BejinnnHe  pacxoaoB  Ha  06a  6epera. 
,Zl,onycxaeTca  npnMeHeHne  oaHOCTOpomiero  (jjpOHTajibHoro  Boao3a6opa 
(pnc.  3.15). 


Phc.  3.15.  rHapoy3eji  (jjpoHTajibHoro  Boao3a6opa:  1  - 
pemeTnaTbiH  BoaonpHeMHHK;  2  -  BoaocSpoc;  3  -  npo- 
MbiBHbie  l  ajicpcn;  4  -  Kanaji;  5  -  noaBoaaLucc  pycao 


06a3aTejibHbiM  3JieMeHTOM  aaa  (jjpOHTajibHoro  Boao3a6opa,  oSecnenn- 
BaiomnM  Heo6xoanMyio  CTpyxTypy  noTOxa,  aBJiaeTca  ycTonnnBoe  npaMOJin- 
HenHoe  noaBoaamee  pycno. 
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KpOMe  Toro,  b  cocTaB  coopy^KeHrai  rHflpoy3Jia  npn  (j)pOHTajibHOM  bo^o- 
3a6ope  BxoflaT  neperopa>KHBaK)mee  coopy>KeHHe,  coeAHronomee  b  ce6e  (JtyHK- 
h,hh  BO^ocSpoca  h  BO^onpHeMHHKa,  h  OTBOfl^mee  pycno.  IJeHTpajibHaa  nacTb 
neperopa’/KHBaiomero  coopy>Keniui  cjiy>KHT  otkpbitbim  o/nioapyciibiivi  Boao- 
cSpocoM  h  npH  HeoSxo^HMOCTH  BBinojiH^eT  (j)yHKu,HH  myrocSpoca  h  copoc- 
6poca.  OTMeTKy  nopora  peHTpanbHoro  BO^ocSpoca  npHHHMaiOT  Hcxo^a  H3  06- 
iuhx  ycjiOBHH  nponycxa  naBO^KOBbix  pacxoflOB  h  pycnoBBix  #e(})opMai],HH.  Be- 
peroBBie  nacTH  neperopa/KHBaiomero  coopy'/KennH  aeaaiOT  aByxbapycnbiMH. 
HnjKHee  OTBepCTHe  cjiyjKHT  aohhmm  BO^ocSpocoM  (npOMbiBHOH  ranepeeH), 
BepxHee  -  BOflonpHeMHHKOM.  PacneTHbiH  pacxo^  flamioro  BO^ocSpoca  peico- 
MeH^yeTca  npHHHMaTb  He  MeHee  nojiOBHHbi  pacneTHoro  BO,no3a6opa. 

1.2.4.  ^OHHO-pemeTHaTbiH  BO,ao3a6op 

Bofl03a6op  3Toro  rana  oSecneHHBaeT  ot6op  ocBeTJieHHOH  nacTH  noTOKa 
wepea  pemeTHaTbiii  BoaonpueMnuK  h  3a/iep>KaHHe  pemeTKOH  KpynHbix  (j)paic- 
U,HH  BJieKOMbIX  HaHOCOB. 

B  cocTaB  coopy>xeHHH  rHflpoy3Jia  ^aHHoro  Tuna  BxoflaT  no,a,BO,zpnu,ee  h 
OTBOflam,ee  pycna,  SeTOHHaa  BO,nonpHeMHaa  ^OHHaa  TpaHmea  c  pemeTKOH, 
cjiyjKamaa  o^HOBpeMeHHO  BO^ocSpocoM,  h  otctohhhk  (pnc.  3.16). 


Phc.  3.16.  r H^poy3CJi  aoinio-peuic'iHaioro  rmia:  1  -  noaBoaHmcc 
pycno;  2  -  noHyp;  3  -  BoaocSpoc  c  cerMeirmbiMH  3aTBopaMH; 

4  -  npoMbiBHHK;  5  -  iianoconanpaBJiHiOLUHH  nopor;  6  -  Boao- 
npHeMHHK;  7  -  Kanaji;  8  -  3aTBop;  9  -  BoaoupncMiiaH  raaepea; 

10-  pemeTKa;  11  -  KaMemiaa  HaSpocxa;  12  -  OTBO^amee  pycno 

Bo^ocSpoc  npeflCTaBJiaeT  co6oi!  ^ohhbih  boaocjihb  co  BCTpoeHHOH  b  He¬ 
ro  BOA03a6opHOH  TpaHHieeii,  nepeicpbiTOH  pemeTKOH  co  CTepmniMH,  cboSo^ho 
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onepTBiMH  hpdkhhmh  KOHu,aMH  hjih  3aKpenjieHHBiMH  Ha  onopHOH  paMe.  Boflo- 
c6poc  MO>iceT  HMeTL  pa3HyK)  BbicoTy  nopora  no  ynacTicaM. 

ITpH  KpHBOJiHHeiiHOM  noflBOfl^HieM  pycjie  BO,nonpHeMHBiH  ynacTOK  3a- 
HHMaeT  npH6jiH3HTejiBHO  flBe  TpeTH  BO^ocSpocHoro  npojieTa,  cwraa  ot  Boray- 
Toro  6epera.  Ilopor  BO^onpHeMHOH  nacTH  BorayToro  6epera  ^enaeToi  noflHn- 
TBIM  (0, 5-1,0  m)  H  HaKJIOHHBIM  K  TpaH3HTHOH  HaCTH. 

YnacTOK  BO^ocSpoca  c  nomnKeHHBiM  noporoM  ycTpanBaiOT  cnjioniHbiM 
(npHMBiKaeT  k  BBinyKJiOMy  6epery).  Oh  cny>KHT  TpaH3HTa  cobmcctiio  c  no- 
tokom  BOflBi  ochobhoh  Maccbi  flOHHBix  HaHOCOB.  Ha  3tom  ynacTKe  BOflOCSpOCa 
npe^ycMaTpHBaK)T  H3HOCoycTOHHHByK)  o6jiHu,OBKy.  BoflonpHeMHyK)  TpaHmeK) 
paccHHTtiBaiOT  Ha  6e3HanopHBiH  pe>KHM  h  ycTpaHBaKDT  c  nepeMeHHBiM  ceneHH- 
eM.  B  KOHpe  rajiepen  ycTpanBaiOT  3aTBOp. 

npn  np^MOJiKHeiiHOM  no,a,BO,zpimeM  pycjie  BOfl03a6opHaa  TpaHHien  mo- 
>KeT  pacnojiaraTBca  no  Been  ^jiHHe  BO^ocSpoca. 


1.3.  KOHCTpyKUHH  BOaOnpHeMHHKOB 
H  HX  rHapaBJIHHeCKHH  pacneT 

nponycKHaa  chocoOhoctb  BOflonpneMHHKOB  /jojimia  oSecnenHBaTB  3a- 
6op  BOflBi  b  cooTBeTCTBHH  c  rpacjiHKOM  BOflonoTpeSjieHmi.  Hx  pacnono>KeHHe  h 
ko HCTpy Ku,na  no^xo^HOH  nacra  b  njiaHe  ^ojhkhbi  oSecnenHBaTb  njiaBHBiH  bxo# 
BOflBi.  KpOMe  Toro,  BO^onpneMHHKH  ^ojhkhbi  6bitb  CHa6>KeHBi  ycTpoilcTBaMH 
fljia  npeflOTBpamemni  nona/iamm  b  hhx  bjickombix  HaHOCOB,  njiaBHHKa,  copa, 
myrn  h  jiB^a  h  hmctb  3aTBOpbi  npeKpameHHii  nocTynjieHHn  boabi  b  bo^o- 
BOfl  (KaHaji,  TyHHejiB,  TpySonpOBO^  h  t.  n.)  [4], 

1.3.1.  KOHCTpyKUHH  BOflOnpHeMHHKOB 

BbicoTy  nopora  BO^onpneMHHKa  Ha3HanaiOT  c  yneTOM  bbicotbi  6apa  Ha- 
hocob  b  noflBOfl^meM  pycjie.  Bo3MO>KHaii  bbicotb  6apa  HaHOCOB  npn  HOpMajiB- 
HOM  (J)yHKU,HOHHpOBaHHH  rHflpOy3Jia  (TpaH3HT  OCHOBHOH  MaCCBI  HaHOCOB  HepC3 
BO^ocSpoc)  mokct  6bitb  onpe^eiieHa  no  (JiopMyjie  B.  T.  ^naHOBa: 

h6=  0,5H(1  -  &),  (3.3) 

r,ne  H-  mySHHa  boabi  Ha  noHype,  m;  ^  -  ^e(J)Hu,HT  cxopocTH  Ha  rpeOHe  6apa. 

,Z],jia  CHHJKeHHa  nonaflamni  bjickombix  HaHOCOB  b  BOflonpHeMHHK  ero  no- 
por  ^0Ji>KeH  npeBBimaTB  rpeOeHB  6apa  HaHOCOB.  BbicoTy  nopora  mo>kho  H3Me- 
HUTB  C  nOMOHJBK)  HiaHflOp. 

,Z],jia  Me>Kce30HHoro  nepHO^a  (rpn^OBan  (jiopMa  abh^kchh^i  bjickombix  Ha- 
hocob)  BBicoTy  nopora  onpeflejnnoT  no  (jiopMyjie 

hn  =  [0,5  H{\  - /lr)  +  3d]k3,  (3.4) 
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HJia  naBonxoBoro  nepnona  npn  HapacTaHHH  (cnane)  naBOflxa  -  no  BBipajxeHHio 

K=[Q,5H{\-J\T)  +  5d\h,  (3.5) 

npn  nnKe  naBOflxa 

An=  [0,5  H{  1  -  Ar)  -  n  +  5d]k3,  (3.6) 

rne  -  flecj)Hu,HT  cKOpocTH  Ha  rpeSHe  6apa,  =  1/m;  d  -  nnaMeTp  pacneTHon 
(|DpaKU,HH  BJieKOMBIX  HaHOCOB;  k3  -  HOpMaTHBHBIH  K03(j)(j)HU,HeHT  3anaca  (3aBH- 
cht  ot  KJiacca  coopy>KeHH3i) ;  IT  -  nepeMeHHan  BejinnnHa,  xapaKTeproyioman 
cmbib  6apa  HaHOCOB,  II  =  0-0,3 H. 

(j)pOHTajiBHO  pacnono>KeHHBix  npOMbiBHBix  npojieTOB  BonocSpoca 
npn  ycjiOBHH  noflBH>KKH  6apa  HaHOCOB  cyniecTByeT  flHana30H  MajiBix  otkpbithh 
3aTBOpOB,  npn  KOTOpBix  C03nai0TCfl  KHHeMaTHKa  noTOKa,  n p e k p a maiOLH a h  ne- 
peMemeHne  bjickombix  HaHOCOB  h  oSecnenHBaiOHiaii  nmaHHe  OTBepCTHu  oc- 
BeTJieHHBIMH  nOBepXHOCTHBIMH  CJIOHMH  nOTOKa.  MHHHMaJIBHO  flOnyCTHMaH  Be- 
jiHHHHa  OTKpBiTH^  3aTBOpa  no  ycjiOBHK)  o6ecneLieniia  TpaH3HTa  bjickombix  Ha- 
hocob  MO>KeT  6bitb  onpenejieHa  no  (JiopMyjie  B.  T.  J\uslrobsl  [7]: 

Kv=  V„  H[ 0,18(1  -  flr)2+  1]  / 1,44  h  .  (3-7) 

rne  p  -  K03(ji([)Hu,HeHT  pacxopa  hctchchhh;  z  -  nepenan  ypOBHeii  Ha  3aTBOpe. 

IIo  3KcnepHMeHTajiBHBiM  paHHBiM  /z3Hp  ~  0,25  H. 

IIlHpHHy  BoponpHeMHoro  (jipOHTa  Ha3HanaiOT  H3  ycjiOBHn  oSecneneHmi 
pacneTHoii  nponycxHoi!  chocoShocth  npn  (JiopCHpOBaHHOM  ypOBHe  bohbi  b  xa- 
Hajie  h  Hny  -  b  BepxHeM  Sneeze  rnppoy3Jia  (npn  pacneTHOM  ypOBHe  b  pexe 
npn  SecnjiOTHHHOM  BOfl03a6ope)  c  yneTOM  pacneTHOH  bbicotbi  nopora  boho- 
npneMHHKa. 

Ot  njiaBaiomero  copa  BononpHeMHHKH  (KpOMe  hohhbix)  3amHinaK)T  c 
noMOiHBio  pemeTOK. 

Ha  pexax  c  oShjibhbim  conep^xafflieM  njiaBaiomero  copa,  rnyrn  h  jiBpa 
npHMenaiOT  3a6pajiBHBie  BononpHeMHHKH.  3a6pajiBHan  CTeHKa  (flHacjiparMa) 
H03/Kiia  6bitb  onymeHa  HH>xe  otmctkh  Hny  xax  MHHHMyM  Ha  1  m. 

BoHonpiiCMiniKM  nonpaa/ieaHiOT  Ha  OTKpBiTBie,  TpySnaTBie,  obihkobbic, 
flOHHBie  H  cJlHJIBTpyiOmHe.  OTKpBiTBie  BO  HO  13  p  M  C  M 1 1 H  K  H  (pHC.  3.17)  npilMCIHIIOT  npH 
Hanopax  ho  5  m.  npn  Sojibhihx  Hanopax  peKOMeiinycTca  ripiiMeiniTB  OTKpBiTBie  3a- 
SpajiBHBie  hjih  HHacjiparMOBBie  (pnc.  3.18)  jih6o  ipySnaTBie  BOHonpHeMHHKH. 

OmKpbinibie  u  mpydnambie  eodonpueMHUKu  coctoht  h3  bxohhoh  nacTH 
co  CTpyeHanpaBJiaiomHMH  CTeHKaMH,  noHypHoi!  njiHToii  h  CTpyeHanpaBjnno- 
ihhmh  noporaMn;  coSctbchho  coopy>xeHHii,  npeflCTaBjnHomero  co6oil  >xejie30- 
SeTOHHyio  KOpoSnaTyio  xoHCTpyKpHio  hjih  Tpy6y,  b  npenejiax  xoTOpoi!  pacno- 
jiaraiOTca  copoynep>KHBaiOHiaii  pemeTKa,  flHacjiparMa  h  paSonne  3aTBOpBi;  bbi- 
xohhoh  nacTH  b  BHfle  racHTejin  hsSbitohhoh  SHepran  noTOKa  h  ynacTxa  conpu- 
>xeHHii  c  xaHajiOM. 
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Pa3Mept>i  OTBepcTHH  onpeaeaaiOT  rHapaBHHnecKHM  pacaeTOM  no  o6bia- 
hbim  (|)0pMynaM  Hii>KenepnoH  rnapaBJinKH. 


Phc.  3.17.  Oi  K'pbii  biH  bo/io n p m c m n bi h  peryaaTop:  1  -  BxoaHaa  aacTb; 
2  -  BOflOBbinycK;  3  -  BbixoaHaa  aacrb;  4  -  raSKoe  KperuieHHe 


Phc.  3.18.  BoaonpHeMHbiH  peryaaTop  c  3a6pajiOM:  1  -  BxoflHaa  aacTb;  2  - 
BOflOBbinycK;  3  -  Koaoaea-racHTeab;  4  -  rnSKoe  KperuieHHe;  5  -  3aTBop; 
6  -  copoyacp/KMBaioinaa  pemeTKa 


IIo/i3eMHBiH  KOHTyp  Ha3HaaaiOT  Ha  ocHOBe  (j)HJiBTpan,noHHBix  pacaeTOB. 

PacaeT  rameHHa  3Heprnn  b  HHacHeM  Steele  BoaonpneMHHKa  npHBeaeH 

Hnace. 

ConpaaceHHe  BoaoSoa  c  3eMaaHbiM  KaHaaoM  ocymecTBaaeTca  b  Bnae 
pncSepMbi  ajihhoh  (8-10)/?,  rae  h  -  rayOnHa  Boaw  b  KaHane. 

EbmKoebie  eodonpueMHUKu  BbinoaHaiOT  b  Bnae  «okoh»  b  Obiaice  nan  yc- 
Toe.  «OKHa»  MoryT  6mtb  pacnoaoaceHbi  Ha  ropmoiiTaabiibix  h  BepTHKajibHbix 
naocKOCTax  SbiaKOB  h  oSopyuyiOTca  pemeTicaMH  h  3aTBOpOM.  Boaa  ot  bo^o- 
iipneMiibix  OTBepcTHH  OTBoaHTca  no  raaepeaM  BHyTpH  Sbiaica  nan  ycToa  k  xoa- 
aeKTOpy  an6o  k  aoTKy,  no  KOTOpOMy  OHa  noaBoaHTca  k  OTCTOHHHicy. 

ffoHHbie  eodonpueMHUKu  BbinoaHaiOT  b  BH^e  TpaHineH  c  oSanpoBKOH, 
nepeKpbiTbix  pemeTKofi  aaa  3aaep'/Kanna  KpynHbix  (fjpaKHHH  HaHOCOB. 

YaeabHbiii  pacxofl  Boabi  nap  pemeTaaTbiM  BO^onpHeMHHKOM  npHHHMa- 
kdt  b  npe^eaax  3-4  m  /c  Ha  1  m.  ITpH  Hliy  uiHpHHy  BOflonpHeMHHKa  Ha3Haaa- 
iot  He  6oaee  2  m.  B  CBa3H  c  TypOyaeimiocTbio  npn  BHHTOo6pa3HOM  TeaemiH 
peKOMeH^yeTca  npHHHMaTb  K03(|)(J)Hu,HeHT  mepoxoBarocTH  n  =  0,04. 
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C PwibmpauuoHHbie  eodonpueMHUKu  no,apa3,nejnHOTca  Ha  neTBipe  Tiina:  c 
r0pH30HTaJlbHLIM  (])HJIBTpOM  H  BBIXOflOM  BO,0,BI  CBepXy  BHH3;  C  BepTHKaJIBHBIM 
(J)HJlBTpOM  Ii  r0pH30HTaJIBHBIM  BXOAOM  BOflBi;  nOapyCJIOBBie  KOHCTpyKTHBHBie. 

TaKHe  BOflonpHeMHHKH  BBinojiHaroT  b  BH^e  flpeH,  ranepen,  nyneBoro  B0^03a- 
6opa  h  t.  n.  (pHC.  3.19). 


Phc.  3.19.  CxeMbi  noapycnoBbix  (|)Mj[bTpyiomnx  BoaonpucMin-iKOB:  a  -  TpaH- 
meHHoro;  6  -  noapycnoBOH  rajiepen;  e  -  >Kejie3o6eTOHHOH  nep(j)opHpoBaHHOH 
apciibi;  a  -  (|)Hj[b  ipyiouiCH  TpaHineH  b  CKajibHOM  rpyHTe;  d  -  JiyncBOio  Boao3a6opa 


B  KanecTBe  (jiHJiBTpa  MoryT  6bitb  ncnojib30BaHBi  KepaM3HTOBbie  hjih  na- 
KeTHOpeenHBie  KacceTBi.  CxopocTB  c[)HJiBTpaH,HH  He  aoiDKHa  npeBBimaTB  5  cm/c. 
Ko3(j)(j)Hu,HeHT  (j)HJibTpau,HH  onpeaenaeTca  no  (J)opMyjie 

k§  —  1 Sn yfd  ,  (3.8) 

rae  n  -  nopHCTOCTt.;  d  -  anaMeTp  KaMeHHoro  MaTepnana.  CxopocTB  (jiHJiBTpa- 
u,hh  V$  =  k§  41 ,  noTepn  Hanopa  b  (jiHJiBTpe  Ah  =  V^J  kl  ■  8,  rae  5  -  TOJimHHa 
(J)HJlBTpa. 


1.3.2.  IIpoeKTHpoBaHHe  Bo,ao3a6opHbix  coopyiKemm 

nP  H  M  e  p  1.  PaCCHHTaTB  SeCnJIOTHHHBIH  B0^03a6op  H3  peKH. 

Pacxoabi  h  ypOBHH  peKH  no3BOJiaK)T  ocymecTBJiaTb  3a6op  no  cxeMe  6ec- 
njiOTHHHoro  SoKOBoro  OTBO^a.  IIo  reojiornnecKHM  ycnoBHaM  rojiOBHOH  pery- 
jiaTOp  pacnonaraeM  Ha  HexoTOpOM  y^aneHHH  ot  pexn.  Otboa  boabi  ocymecTB- 
naeTca  Ha  BorayroM  6epery  b  30He  nepeceneHHa  xacaTejiBHOH  BBinyKJioro  6e- 
pera  c  BorayTBiM  (pnc.  3.20). 

P  e  hi  e  h  h  e.  OnTHMajiBHyio  ayry  xpHBoii  Borayroro  6epera  onpeaena- 
eM  no  (JiopMyjie  H.  cp.  ^aHenHa  [4]: 
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L 


r 

tiT?  arccos 

R 

180 


3,14  •  575arccos450/575 
180 


390  m, 


(3.9) 


rae  rnR-  paanyc  KpHBH3Hbi  BbinyKJioro  (450)  h  Borayroro  (575)  SeperoB. 

ITpii  coSnioaeHHH  yica3aHHBix  ycnoBHH  b  peKe  (b  30He  Boao3a6opa)  co3- 
aaeTca  CTpyKTypa  noTOKa,  npn  KOTOpoii  Sojibidhhctbo  aomibix  HaHOCOB  OTKJiOHa- 
6tch  ot  npope3H.  B  cnyaae  neaocTaTOMnon  KpuBiniibi  pycaa  npoBoaaT  paSoTbi  no 
ero  peryjinpOBaHHK).  KpOMe  Toro,  noiiepeHiiyio  pnpKyjiapmo  noTOKa  mo'/Kiio  ycn- 
jihtb  c  riOMonibio  CTpyenanpaBnaiomux  chctcm  npoc[).  H.  B.  IIoTanoBa. 


KaHaji;  3  -  touobhoh  perynaTop;  4  -  aaM6a  oSBanoBbiBaHHa;  5  -  noasona- 
lbhh  KaHaji;  6  -  pbi6o3arpaanTCJ[b;  7-  KpeiuieHHe  6epera;  8  -  copoyaepacH- 
acHBaiomee  ycTpoilcTBo;  9  -  Hanajio  kphboh 

BeperoByio  npope3b  c  roaoBHbiM  perynaTOpOM  coeannaeM  c  nonBonHiiinM 
KaHanoM.  lUnpnHa  KaHana  no  any  b  =  14  m,  rny6n na  nanon nenna  H  =  3m(b  na- 
BoaoK  6  m),  3ajio>KeHne  OTKOca  KaHana  m  —  2  n  cpeanaa  CKOpocTb  VK  =  0,59  m/c. 
CpeaHaa  CKOpocTb  b  peKe  cocTaBnaeT  okoho  0,5  m/c. 
r oaoBHon  perynaTop  npoeKTnpyeM  b  Bnae  oaHonpoaeTHon  Hepa3pe3Hon 
KOpoSKH  (pnc.  3.21)  c  3a6paabHon  ctchkoh,  no3BoaaK>nien  CHH3HTB  rnapocTa- 
TnnecKoe  aaBneHne  Ha  3aTBop. 

OroaoBOK  noaBoa^mero  KaHana  (SeperoBaa  npope3b)  pacnoaaraeM  Ta- 
khm  o6pa30M,  HToObi  HCKpHBaeHHe  CTpyii  6biao  HaHMeHbuiHM.  Yroa  OTBoaa,  t.  e. 
yroa  Mencay  ocHOBaHneM  KaHana  h  HanpaBneHneM  aBnaceHHa  peaHoro  noTOKa, 
6bia  paBeH 

a  =  arccos  V0/V=  arccos  0,5/0,59  =  32°,  (3.10) 

rae  Vo-  cpeaHaa  CKOpocTb  b  peKe,  V0  =  0,5  m/c;  Vk  -  cpeaHaa  CKOpocTb  b  KaHa- 
ae,  VK  =  0,59  m/c. 
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KaHaJI  paCCHHTbIBaeM  Ha  MaKCHMaJIBHBIH  pacxo#  B0^03a- 
6opa,  paBHBiH  25,0  m3/c,  c  ,n,o6aBJieHHeM  KOJinnecTBa  bo^bi,  noTpeSHoro  ^Jia 
oSecneneHHa  HOpMajiBHOH  paSoTBi  hpombibhhkob,  pBi6o3arpa^HTejia  h  np. 


vny 

/■;py 

w 

J _ 1 _  m 

A — tw 

r—  S 

f 

i 

i 

i 

ipTT 

^ -  h1 

j  °/c  /tF/o/o  /-■ 

i 

r 

< 

£0 

V-A 

i 

X - 

— /  75,0 

£ 

7^ 26,0 

]  750  Trao  1 240^3 

Phc.  3.21.  riojiyruiaH  ronoBHoro  peryjarropa  h  pa3pe3  Licpc3  KpaftmiH  nponeT: 
1  -  cyrjiHHOK  cpcaiinn;  2  -  cymuHOK  jici  khh;  3  -  necoK  MejiK03epHHCTbiH 


lIlHpHHy  OTBepcTHH  perynaTOpa  onpeaenaeivi  H3  (jDOpMyjibi  HCTeHenna 
nepe3  noflTonjieHHBiii  boaocjihb  c  miipOKHM  noporoM: 

Q  =  v?Bhpg(i  ,-/>),  (3.11) 

r/ie  Q  -  pacneTHbiH  pacxofl,  Q  —  25  m3/c;  s  -  K03c[)tj)Hu,HeHT  SoKOBoro  OKaraa 
8  =  0,93;  (p  -  K03(|)(J)HH,HeHT  CKOpOCTH,  npii  XOpOHIO  nO^oSpaHHOH  (})OpMe  BXOfla 
cp  =  0,95;  H0- cm.  pnc.  3.22,  6, 

Hq  =  H+  a  V2/2  g  =  3  +  1,1  -0,422/2*9,8 1  =  3,01  m; 

h  -  rnySHHa  Ha  nopore,  h  =  2,8  m. 

ITpir  3thx  ^aHHBix  o6myio  uiHpHHy  coopy>KeHHa  5  onpe^ejiaeM  no  (J)op- 
Myne  (3.11): 

25  =  0,93-0,95  -  2,85^19,62(3,01-2,8), 

25  =  2,475^442, 

25  =  2,47-2,025, 

5  =  25/4,98  =  5  m. 
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onpepeaeHna  (})opMBi  conpaaceHna  6be(J)OB  n  rameHM  3Heprnn  no- 
TOKa  b  HH5KHeM  6Be(j)e  nocne  ncTeaeHna  bopbi  aepe3  3aTBOp  HeoSxopnMO  pac- 
CHHTaTB  napaMeTpBi  rnppaBannecKoro  npBDKKa. 


6 

Phc.  3.22.  ^BKaceHHe  aepe3  boaocjihb  (a)  h  HCTeneHHe  H3-noa  3aTBopa  (6) 


B  npH3MaTHHecKOM  pycae  npaMoyroaBHoro  cewenna  conpaaceHHBie  ray- 
6hhbi  BBiancaaeM  no  c[)opMyaaM: 


h 

h 


__  ^2 

1_T 


f 

1  + 


V 


8a  q2 
~gh[ 

8a  q1 


\ 

i 

j 

\ 

) 


(3.12) 

(3.13) 


rpe  a  =  1,05-1,1. 

BTOpyio  conpa'/Kennyio  raySnny  npBDKKa  hi  onpeaeaaiOT  b  npeanoao- 
aceHnn,  hto  h\  =  hc  (cm.  pnc.  3.22,  a). 

BBicoTy  cacaToro  ceaeHna  hc  HaxopnM  no  (j)opMyae 

q  =  \yeyj2g{Hl  -ea) ,  (3.14) 

rpe  q  -  pacxop  Ha  epnHnpy  mnpnHBi  coopyaceHna;  p  -  Koa^npneHT  ckopocth, 
p  =  £(p,  rpe  (p  onpepeaaeTca  no  Ta6a.  3.1;  s  -  K03c[)(J)HU,neHT  BepTHKaaBHoro 
cacaraa,  s  =  e!H0;  H0  -  MaKCHMaaBHBin  (naBopKOBBin)  ypOBeHB  b  BepxHeM  6bc- 
(J)e;  e  -  bbicotb  OTKpBiTna  3aTBOpa. 
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Taojimja  3.1 


IIpHSjiHaceHHbie  3Ha*ieHHfl  K03<])<|)HpHeHTa  cicopocTH  <p  no  H.H.  IlaBJioBCKOMy 


Coopy/KCIIHH 

9 

,Z],OHHbie  O'I  BCpC'I  HH 

0,95-1 

Ilepenaflbi: 

6e3  3aTBOpOB 

1 

C  3aTBOpaMH 

0,97-1 

BoflOCJIHBHbie  COOpy/KCHHH  IIJiaBHOH  (|)OpMbi: 

6e3  3aTBopoB  npn  jjj i m i r c  raa^KOH  cjihbhoh  noBepxHOCTn: 

Majioil 

1 

cpcaiicil 

0,95 

6ojibnien 

0,90 

C  3aTBOpaMH 

0,85-0,95 

TnySimy  b  OKaTOM  cenennH  onpepejraeM  npn  pa3JiHHHBix  OTHOCHTejiB- 
HBIX  OTXpBITHflX  3aTBOpa  6. 

np  h  m  e  p  2.  PaccHHTaTb  Bopo3a6op. 

P  e  m  e  h  h  e.  3HaneHHa  ype.ra.Horo  pacxopa  q  npn  e—  1,2  m  onpepemieM 
no  (jDOpMyne  (3.14): 

p  =  e/H0  •  cp  =  e/H0 •  1 ,0, 

q  =  0,2  •  1,2^2-9,81(6-0, 2-1, 2)  =  0,24  9, 62(6 -0,2 -1,2)  = 

=  0,24-10,6  =  2,55  m3/c. 

OcTajiBHBie  pacneTBi  pna  e  =  1,5;  2,0  npepcTaBHM  b  Bnpe  Ta6jinpBi: 


e 

s  =  e/H0 

CO 

II 

o 

©- 

CO 

II 

zL 

2 g(H0  -  se) 

yj2g(Hl  -s d) 

Q,  m3/c 

1,20 

0,20 

0,24 

0,20 

113,00 

10,60 

2,60 

1,50 

0,25 

0,38 

0,25 

110,30 

10,50 

3,94 

2,0 

0,33 

0,66 

0,33 

104,80 

10,20 

6,70 

Ha  OCHOBaHHH  3TOH  Ta6jlHU,BI  CTpOHM  Tpa(J)HK  3aBHCHMOCTH  Jlc  =  J{q) 
(pnc.  3.23),  no  KOTOpOMy  onpepejweM  rnySnHy  oxaToro  ceneHna  npn  ypejit.- 
hom  pacxope  q  =  5  m  /c  Ha  1  m  pjihhbi  nopora  BopocjiHBa,  hc  =  0,51  m. 

BtinncnaeM  BbicoTy  noproiTHfl  3aTBOpa  no  (J)opMyne 

e=  JH-X  =^6-0,51  =  1,75  m. 

npOBepaeM  npaBHJiBHOCTB  onpepeneHna  oxaToro  ceneHna,  nonyneHHoro 
no  rpa(j)nxy,  hc  =  0,51  m  cornacHO  paBeHCTBy  ypaBHemw  (j)opMyjiBi  (3.14),  pna 
nero  paccHHTBiBaeM  8  =  1,75/6  =  0,29,  p  =  £(p  =  0,29-1,00  n,  ncxopa  H3  ypejit- 
Horo  pacxopa  ^  =  5  m  /c  Ha  1  m,  3anncBiBaeM 

5  =  0,29- 1 ,75  9, 62(6  -0,29  -1,75) , 
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5  =  0,50  Vl08, 

5  =  5,09, 

t.  e.  pacxoacpeHne  cocTaBaaeT  0,09  m  /c,  hto  BnoaHe  ponycTHMO. 


OnpepeaaeM  xapaKTep  3aTonaeHna  HnacHero  6becf)a  3a  3aTBOpOM  peryaa- 
Topa  npn  HanpeHHon  raySnHe  cacaToro  ceaeHna  hc  =  0,5 1  m. 

npe^BapHTejiBHO  paccHiiTbiBacM  raySnny  bo^bi  b  OTBonameM  Kanaae 

a 

npn  yaeabiiOM  pacxoae  q  =  Qmax/B  =  25/5  =  5  m  /c  na  1  m  Luiipiinbi  peryaaTOpa 
no  (JtopMyae 

q  —  pco ^2gZQ  ,  (3.15) 


iyje  p  =  (ps  ((p  coraacHO  Ta6a.  3.1  npnHHMaeM  paBHon  epmoipe),  e/H0  —  1,75/6  = 
=  0,29;  co  -  naoipapb  cacaToro  ceneHna;  Z0  -  pa3HOCTb  ypoBHen  bopbi  (nepenap, 

a 

cm.  pnc.  3.22,  6)  c  o6enx  ctopoh  npn  q  =  5  m  /c, 

Z0  =  r/(nm)22g,  (3.16) 

Z„  =  25/(0,29- 1,75- 1)2- 19,62  =  25/5,1  =  4,9  m. 

raySmia  b  HnacHeM  6becJ)e  (cm.  pnc.  3.22,  6)  paBHa  AH.6  =  6  -  4,9  =  1,1  m. 
ITo  (J)opMyae  B3anMHbix  rny6nn  (3.13)  onpeaeaaeM  BTOpyK)  conpaaceH- 
HyK)  ray6wiy  hi  b  npepnoaoacefflin,  hto  raySuna  npbiacKa  h\  paBHa  raySune 
cacaToro  ceneHna,  t.  e.  h\  =  hc  =  0,51  m: 


h2  =  0,5 1/2  Ul  +  (8  •  1,1  •  52)  /(9, 8 1  •  0,513)  - 1 


hi  —  0,26 


=  0,26-12  =  3,13  m. 
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npaBHJitHOCTB  npHroiToro  .zjonymeHHii  noflTBepflHTca,  ecuH  hi  =  hc.  Co- 
rnacHO  BBipajxeHHio  (3.12) 

hi  =  3, 13/2 [^1  +  (8-1,1  •  52) /(9, 8 1  -  3,133)  - 1  = 

=  1,57- [^1 +220/300,8-1]  =  1,57-0,32  =  0,502  m. 

Pa3HHu,a  cocTaBJiaeT  0,502  -  0,51  =  0,008  m,  t.  e.  pememie  noATBepjK^a- 
eTCfl,  TaKKaK  h\  =  hc. 

IIocKOJiBKy  hi  =  hc  (0,51  ~  0,502),  npBi>xox  HaHHHaeTca  HenoepeflCTBeHHO 
b  c>KaTOM  ceneHHH  h  OTBepcrae  6ya,eT  He3aTOiuieHHBiM,  no3TOMy  j\jin  ero  ra- 
meHHa  HeoSxoflHMO  3anpoeKTHpOBaTB  bo,ho6ohhbih  Kono^eu,. 

B  Tex  cjiynaax,  xor^a  hc  <  h\,  npBDKOK  ncniBHTCfl  Ha  HexoTopoM  pac- 
ctoahhh  ot  c>xaToro  ceneHHa  h  npBDxox  6ya,eT  He3aTonneHHBiM,  npH  hc>  hi 
npBDxox  oyaeT  3aTonjieHHBiM  h  bo,ho6ohhbih  Koaoaeu  npoexTHpoBaTB  He  Hy>xHO. 


1.3.3.  PacneT  KOM6HHHpoBaHHoro  KOJioflija 

Hto6bi  H36e>xaTB  xojioflpeB  Oojibhioh  rjiySHHBi  h  blicoxhx  BOfloOoiiHbix 
CTeHOX,  yCTpaHBaKDT  XOM6HHHpOBaHHBie  COOpy>XeHHfl,  XOTOpBie  o6pa3yK)TC5I 
nyTeM  yrjiySjieHmi  bo^oSom  h  ycTaHOBXH  boaoOohhbix  ctchox  (pnc.  3.24).  Bbi- 
coTy  BOfloSoiiHOH  CTeHXH  BbiOnpaiOT  H3  ycjiOBH^i  3aTonjieHH>i  CTpyn  3a  Hen. 

rjiyOnHy  b  oxaTOM  ceneHHH  hc  3a  ctchoh  mchxho  onpe^eHHTB  xax  co- 
npa>xeHHyK)  c  niyOHHOH  hH .5  =  1,1  (3a  hihtom): 


IIpeflBapHTejiBHO  bbihhcjimkdt  xpHTHnecxyio  rnySuny: 


1,76  m. 


3aTeM  paccHHTBiBaioT  TBK  (pnc.  3.24): 

Tbk=  hCT  +  H0=  h 'c  +  aq2/  2gcp2  h’c2=  1,76  +  1 , 1 -52/2-9,8 1 -0,952- 1 ,762  = 
=  1,76  +  27,5/54,83  =  1,76  +  0,5  =  2,26  m. 

Hanop  Ha  bo,zio6ohhoh  CTeHxe  onpe,nejnnoT  H3  (JiopMyjiBi  BOflOCJiHBa: 
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r^e  m"—  KoacjxjamiieHT  pacxo,na  npaMoro  BOflOCJiHBa,  m"  =  0,42; 


H0"=  2 


V  5  3 

Vl9,62 


0,42 


=  1,93  m, 


a  3aTeM  Haxo/piT  BBicoTy  bo^oSohhoh  ctchkh: 

/jct  =  Tbk-H0"  =  2,26  -  1,93  ~  0,4  m. 
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Phc.  3.24.  CxeMa  hctchciihh  H3-noa  3aTBopa  h  i  napaujiHMCCKoro  npbiacica 
k  pacneTy  BoaoSoHHoro  KOJioaaa 


Phc.  3.25.  r paterae  onpeacjicnna  otmctok  boam  b  hh>khcm  6bC(|)C 

OcTaeTca  onpeaeanTb  rayOnny  BoaoSoilnoro  Koaoaua  H3  ycaoBHH  noay- 
aemia  b  hh5khcm  6becj)e  3a  coopyaceroieM  Taxon  rayOwibi,  KOTopaa  6biaa  6bi 
paBHa  nan  6oabme  pa3,neabHOH  rayOHHbi: 
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h  =  hCT+  H0"~  aq2/2g  (hCT+  H0"f, 

h  =  0,4  +  1,93  -  1,1- 52/2 *9, 8 1  (0,4  +  1,93)2  =  2,33  -  0,26  =  2,1  m 

PaccMOTpHM  jx Ba  BapnaHTa  ray6mibi  KOJiOflpeB  dK0J1. 
nepBoro  BapnaHTa  npHMeM  dKOJ1  =  0,  Tor^a 

T0  =  P  +  H0"=  6  +  1,93  =  7,93. 

Onpe^ejiaeM  OKaToe  ceneHHe  3a  ctchkoh  no  (J)opMyne 


K 


=— Jl9,62-7,93  =  0,42  m. 

0,95  ^ 

=^-Jl9,62(7,93-0,42)  =  0,43  m. 
0,95  ^ 


3aTeM  paccnnTBiBaeM  conpa>KeHHyK)  TJiySnHy  b  c>KaTOM  ceneHnn  hpR3n: 


h 


pa3.it 


K 

2 


f 

V 


2  h  V 


1 


9 


A 


pa3fl 


0,43 

2 


^2  •  1,4  Y 
v  0,43  , 


1  =  0,215-16,6  =  3,6  m, 


^koji.  1  ^pa3fl  ^  3,6  2,1  1,5  M. 

3aTonjieHHoro  npBDKKa  HeoSxoflHMO 

Tbk  “I-  dKon  \  -->  hpa  i;i. 

B  HameM  cnynae  HMeeM 

2,26  +  1,5  =  3,76  >  3,6. 

YcnoBne  BBinojmaeTca  npn  MHHHMajiBHOM  pacxo^e  Ha  1  nor.  m. 
^jm  BTOporo  BapnaHTa  HMeeM 


T0  =  P  +  H0"  +  d , 


koji.1  -  6  +  1 ,93  +  1 ,5  -  9,43  m, 

M, 


h 


h'c  =  5/0, 95^19, 26-9, 43  =5/12,92  =  0,39 
_  0,39 


pa3fl 


1  + 


2-1,4 

v.  0,39  J 


1 


0,195-18,3  =  3, 56  m, 


^koji.2  h  pas.'t  h=  3,56-2,1  =  1,46  m, 
hCT+H0"  +  dK0Jl2  =  0,4  +  1,93  +  1,46  =  3,79. 


(3.18) 
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IIocKOJiBKy  3,79  >  3,56,  t.  e.  rHflpaBJiHnecKHH  nptDKOK  3aTonneH,  okoh- 
naTejiBHO  npHHHMaeM  B&icoTy  bo^oSohhoh  ctchbi  hCT  =  0,4  m  h  rnySimy  bo^o- 
SoiiHoro  KOJiOflpa  dKon  =  1,5  m. 

OnpefleaaeM  fljiHHy  BO^oSoHHoro  KOJiOflpa  no  (j)opMyjie 

^koji=  0,8/np  =  0,8-2, 5(1, 9/^-  hc),  (3.19) 

Lmsi  =  0,8-2,5(1,9-3,56  -  0,39)  =  12,78, 

npHHHMaeM  fljiHHy  KOJioflpa  13  m. 

PaccHHTaeM  my  Sony  noTOKa  b  ihivkiicm  6becJ)e  /za6  3a  bohoSohiioh  CTenoil. 
rjiySnHy  BOflBi  /zh.6  onpe,a,ejuieM  no  rpacj)HKy  q  =  f{H)  (cm.  pnc.  3.25). 
npHHHMaeM  3a  HanajiBHyio  OTMeTKy  161,  KOTOpaa  eooTBeTCTByeT  otmctkc 
rpe6mi  BOflOCJiHBa  h  ^Hy  OTBOflamero  KaHajia. 

^jia  nocTpoeHHa  rpa(J)HKa  q  =f{H)  HcnojiB3yeM  (jDopMyjiy 

q.  =  <sjn42gt  T  •  (3.20) 

pne  an  -  K03(J)(j)Hu,HeHT  noflTonjieHH^,  on  =  1;  m  -  K03(j)(j)Hu,HeHT  pacxo^a,  npn- 
HHMaeMBin  b  3aBHCHMOCTH  ot  bbicotbi  nopora  k  Hanopy  Ha  ero  rpeOHe, 
m  =  (0, 341-0, 385)*Ar,  3^ecB  k  -  nonpaBOHHBiH  mhojkhtcjib,  k  =  1-1,14.  npHHH¬ 
MaeM  3HaneHHe  m  =  0,45  ^jib  nopora  npaKTHnecKoro  npocjDHJia. 

PacneT  npeflCTaBjnieM  b  BH^e  Ta6jiHu,Bi: 


H,  M 

o„/H^2g  =  1 ,99  3/2 

Hm,  M 

q,  m3/c 

OTMeTKH  ypOBHCH 

B  HH>KHeM  6bC(|)C 

1,0 

1,99 

1 

1,99 

161 

2,0 

1,99 

2,8 

5,62 

162 

3,0 

1,99 

5,19 

10,32 

163 

4,0 

1,99 

8,00 

15,92 

164 

CoraacHO  ^aHHBiM  Ta6jiHu,Bi  nocTpOHM  rpa(J)HK  q  —  f(H)  (pnc.  3.25),  no 
KOTOpOMy  A  161,8. 

OTMeTKa  hHQ  =  A  161, 8  -  A  161  =  0,8  m. 
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r  ji  a  b  a  2 


BO^OCBPOCBI  H  BO^OBtmyCKH 
PEHHBIX  rH^POY3JIOB 

B  cocTaBe  penHBix  rHflpoy3JiOB  oSbihho  npe,nycMaTpHBaK)T  Bo^onpony- 
CKHBie  coopyjKeHHa,  noflpa3flejiaeMtie  no  Ha3HaneHHio  Ha  ^Ba  xapaicrepHBix 
BH^a:  BO^ocSpocBi  n  BO^OBBinycKH. 

Bodocdpocbi  npeflHa3HaneHbi  ^Jia  nponycxa  H3  BOflOxpaHHJinma  b  hhjk- 
hhh  6be(|)  naBO^KOBBix  pacxo^OB  npn  3a^aHHBix  pacneTHBix  ypOBHBx  boabi  b 
BepxHeM  6Be(J)e,  nponycxa  jiB^a,  myrn  n  ^pyrnx  nnaBaiomHx  Ten  b  hh>khhh 
6BecJ);  TpaH3HTa  bjickombix  HaHOCOB  b  hh>khhh  Sbecj)  (fljw  coopynceHnn  He- 
Sojibhihx  pa3MepOB).  Ha  pnc.  3.26  npnBefleHBi  BO^ocSpoc  Ha  MeHrenaypCKoi! 

r3C. 

BodoeunycKu  HcnojiB3yiOT  j\jik  hoctobhhbix  none3HBix  nponycxoB  boabi 
H3  BOflOXpaHHJlHHia  B  HH5KHHH  6be(J),  flHKTyeMBIX  B0fl0X03BHCTBeHHBIMH  Tpe6o- 
BaHHaMH;  j\jik  nonHoro  hjih  nacTHHHoro  onopomieHmi  BOflOxpaHHJiHma  b  u,e- 
mx  peMOHTa  coopy>KeHHH,  pacnono>KeHHBix  b  BepxHeM  6Becj)e;  fljw  nacTHHHoro 
hjih  nonHoro  npoMBiBa  HaHOCOB,  otjio5khbhihxcb  nepefl  coopynceHneM.  Bxoa- 
HBie  OTBepcran  BO^OBBinycica  pacnojiaraKDT  o6bihho  Ha  OTMeTKax,  oSecnenn- 
BaKDHJHX  B03M05KH0CTB  pa3pa60TKH  BOflOXpaHHJlHHja  flO  3aflaHHOTO  ypOBHfl. 

npH  BBlSope  THnOB  H  pa3MepOB  BOflOeSpOCOB  H  BO^OBBinyCKOB  CJie^yeT 
paCCMaTpHBaTB  B03M05KH0CTB  COBMemeHHa  HX  (|)yHKLI,HH  B  OflHOM  COOpynceHHH, 
a  TaK>xe  bo3mo>khoctb  HcnojiB30Bamni  BO^OBBinycica  CHanana  a  jib  nponycxa 
CTpOHTeJIBHBIX  paCXOflOB  BOflBI. 

npoeKTHpOBaHne  BO^ocSpocHBix  h  BOflonponycKHBix  coopynceHHH  npo- 
H3BOflHTcn  comacHO  TpeSoBamniM  CHnn  2.06.01-85. 

npn  npoeKTHpOBaHHH  nocToamibix  peniibix  runpoTexiiMHecKiix  coopy- 
nceHHH  pacneTHBie  MaKCHManBHBie  pacxoflBi  boabi  HeoSxoflHMO  npHHHMaTB  hc- 
xofla  H3  e>KeroflHOH  BepOBTHOCTH  npeBBimeHHa  (oSecneneHHOCTH),  ycTaHaBJiH- 
BaeMoii  b  3aBHCHMOCTH  ot  KJiacca  coopynceHHH  fljw  AByx  pacneTHBix  cnynaeB  - 
0CH06H020  H  n06ep0HH020  (Ta6jl.  3.2).  npH  3TOM  paCHCTHBie  THflpOJIOTHHeCKHe 
xapaKTepHCTHKH  cnenyeT  onpenenaTB  no  CHnn  2.01.14-83. 

PacneTHBin  pacxo^  boabi,  no,HJie}KamHH  nponycxy  b  npopecce  SKcnnya- 
Tau,HH  nepe3  nocToaHHBie  BOflonponycKHBie  coopynceHHa  THflpoy3Jia,  HeoSxo- 
Ahmo  onpeflejwTB  hcxo^b  H3  pacneTHoro  MaKCHManBHoro  pacxo^a,  nojiyneHHO- 
TO  B  COOTBeTCTBHH  C  BBIHieCKa3aHHBIM. 

nponycK  pacneTHoro  pacxo^a  boabi  j\jih  ochobhoto  pacneTHoro  cnynaa 
^ojinceH  oSecnenHBaTBcn,  Kaic  npaBHJio,  npn  HOpManBHOM  no^nopHOM  ypOBHe 
BepxHero  SBecjia  nepe3  3KcnjiyaTau,HOHHBie  BO^ocSpocHBie  ycTponcTBa  npn 
nOJIHOM  HX  OTKpBITHH. 
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a 


6 


Phc.  3.26.  BofloeSpoc  Ha  3eMJiaH0H  ruiOTHHe  H3  BcmoxpaHHJiHma 
MeHrenaypcKOH  T3C  ((Jioto  aBTopa):  a  -  BOfloeSpoc;  6  -  OTBOA»mHH  KaHaji 
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Ta6jiHu,a  3.2 


Eacero/jHaji  BepoaTHOCTb  iipeBbimemm  P,  %,  pacneTHbix  MaKCHMajibHbix  pacxoaoe 


PacHCTiibie  cjiynaH 

Kaacc  coopyaceHHa 

I 

II 

III 

IV 

Ochobhom 

0,1 

1,0 

3,0 

5,0 

IlOBepOHHblH 

0,01 

0,1 

0,5 

1,0 

PasMepbi  (niHpHHy  h  BbicoTy)  npaMoyroabHbix  BoaonponycKHbix  OTBep- 
cthh,  nepeKpbiBaeMbix  3aTBOpOM,  npHHHMaiOT  b  cootbctctbhh  c  TpeSoBaHHaMH 
CHhII  11-50-74,  a  hmchho:  npoaeTbi  OTBepCTHH  (pa3Mep  b  CBeTy),  m  -  0,4;  0,6; 
0,8;  1,0;  1,25;  1,5;  1,75;  2,0;  2,25;  aaaee  c  rpaaamieH  0,5;  5,0;  6,0;  7,0;  8,0;  10;  a a- 
aee  c  rpaaamieH  2,0  ao  30;  BbicoTa  OTBepCTHH  (ot  nopora  Hliy),  m  -  0,6;  0,8;  1,0; 
1,25;  . . .  (aepe3  0,25  m);  3,0  .. .  (aepe3  0,5  m);  9,0;  10,0;  . . .  (aepe3  1,0  m);  20,0. 


2.1.  Boaoc6pocbi 

ripiiMenaeMbie  b  pemmix  rnapoy3aax  c  rayxHMH  naoTunaiviH  Tiinw  Boao- 
cSpocoB  onpeaeaaiOTca  b  ochobhom  mccthbimh  TonorpacjDHHecKHMH,  reoaorn- 
HCCKHMH,  r H a p o a O nm e C K H M H  H  3KCnJiyaTaU,HOHHbIMII  yCJIOBHaMH,  aHKTyeMbl- 
mh  n p o h 3 b o acx b o m  pa6oT  no  B03BeaeHnio  paaaHHiibix  coopyaceHHH  rnapoysaa. 

2.1.1.  Tmibi  BoaocSpocoB 

IIo  pacnoaoaceHHio  b  y3Jie  coopy>xeHHH  BoaocSpocbi  noapa3aeaaK>Tca  b 
ochobhom  Ha  aBe  rpynnbi:  BoaocSpocbi  6eperoBbie  (bhc  Teaa  naoTHHbi)  h  bo- 
aocSpocbi  b  Teae  naoTHHbi. 

Bodocdpocbi  6  mejie  3eMJiMHbix  u  KaMenuo-HadpocHbix  nnomuH  pacno- 
jiaraiOT  an6o  HenocpeacTBeHHO  b  pycae,  an6o  b  noiiMe  peKH  (pnc.  3.27). 


Phc.  3.27.  Tmibi  BoaocSpocoB  b  Teae  rpyHTOBbix  iliiothh:  a  -  pycaoBoM;  6  -  noHMemnaH; 
1  -  naoTHHa;  2  -  BoaocSpoc;  3  -  noaBoa»ma»  aacTb;  4  -  cSpocHaa  aacTb;  5  -  peica 
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e 

Phc.  3.28.  Tmibi  BOAOBbinycKOB:  a  -  nanopnaa  ipy6a:  1  -  Kperraemie  BepxHero  otko- 
ca;  2  -  bxoahoh  oronoBOK  Tpy6w;  3  -  ^Ha^paraa;  4  -  cmotpoboh  KOJiofleu,  h  3a- 
flBH>KKa;  5  -  BOfloSoHHbiH  KOJiofleu,;  6  -  oronoBOK  BOflOBbinycica  co  cjiy5Ke6HbiM  moc- 
tom:  1  -  BxoflHaa  nacTb;  2  -  SeTOHHbiH  oronoBOK;  3  -  Tpy6a;  4  -  cjiy>Ke6HbiH  moct; 
5  -  3aTBop;  e  -  SamcinibiH  BoaoBbinycK:  1  -  oronoBOK;  2  -  noaBoaauiaa  ipy6a;  3  -  6aniHa; 
4  -  CJiy5Ke6HbiH  moct;  5  -  OTBOflHaa  Tpy6a;  6  -  BOfloSoiiHbiH  KOJiofleu, 
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B  KOHCTpyKTHBHOM  OTHonieHHH  hx  ,nenaT  Ha  OTKpMTbie  h  TpySaaTbie 
BOflOcSpocM.  OmKpbimbie  BO^ocSpocbi  no  (j)opMe  h  ycnoBHaM  paSoTbi  aHaao- 
rHHHBI  SeTOHHBIM  BOflOCJIHBHBIM  nHOTHHaM.  Tpy6nambW  BOflOCSpOCbl  OTHHHa- 
K)Tca  anniB  TeM,  hto  Tpe6yK)T  6oaee  caoacHbix  conparaiomHx  ycTponcTB  b 
npHMBiKHHHax  BOflOcaHBHOH  naoTHHBi  k  rpyHTOBOH  flaa  3amHTbi  nocae^Heii  ot 
pa3MBiBa.  TpySaaTbie  BO^ocSpocbi,  ycTpaHBaeMbie  b  rpyHTOBBix  naoTHHax,  pa- 
6oTaK)T  b  ycaoBHax  HanopHoro  noTOKa. 

Eepezoeue  eodoaiueu  cymecTBeHHO  OTannaiOTca  ot  BO^ocSpocoB  b  Te- 
ae  naoTHHBi.  Hx  BbinoaHaiOT  b  BH^e  otkpbitbix  BO^ocSpocHbix  xaHaaoB,  TyH- 
Heaen  h  pa3HHHHbix  coaeTamiH  BO^ocanBa  c  xaHaaoM,  maxToii  h  TyHHeaeM. 

no  rany  oSopy^OBaHHa  BOfloenHBHOH  aacTH  BO^ocSpocbi  noflpa3fleaaiOT 
Ha  ynpaeiweMbie  (c  3aTBOpaMH  h  MexaHH3MaMH  aaa  hx  noaaeMa  h  onycKanna) 
h  aemoMamimecKozo  deucmeun.  nocaeanne  ObiBaiOT  6e3  3aTBOpOB  (oTKpbiTbiH 
BOflOcaHB,  ch(|)oh)  h  c  3aTBOpaMH,  OTperyanpOBaHHbiMH  Ha  hx  noAHame  npn 
^OCTHaceHHH  ypOBHeM  BOflbl  3aflaHHOH  OTMeTKH. 

no  KOHCTpyKTHBHOMy  0(j)OpMaeHHK)  BOflOCHHBbl  MOTyT  HMeTb  MHOTO 
pa3HOBHflHOCTeH:  TpySaaTbie,  SeperoBbie  OTKpbiTbie,  TpaHineHHbie,  maxTHbie, 
TyHHeabHbie  h  £p.  (pnc.  3.28). 

TpySaaTbie  BoaocauBbi  ycTpanBaiOT  b  Teae  rpyHTOBbix  naoTHH  b  ochob- 
hom  HeSoabHioii  BbicoTbi  (pnc.  3.28,  a).  BaacHbiM  npeHMymecTBOM  tthx  bo^o- 
caHBOB  aBaaeTca  B03M0acH0CTb  hx  KOMnaeKCHoro  Hcnoab30BaHHa  -  CHaaaaa 
flaa  nponycxa  CTpOHTeabHbix  pacxoflOB,  a  3aTeM,  b  nepHOfl  3KcnayaTau,HH  tha- 
poy3aa,  b  xaaecTBe  BO^ocSpocoB  h  Boflocnycxa. 

Eepezoebie  omKpbimbie  eodocdpocbi  ycTpanBaiOT  Ha  rnapoyaaax  xax  c 
TpyHTOBblMH,  Tax  H  SeTOHHbIMH  rayxHMH  naOTHHaMH  (pHC.  3.29). 


Phc.  3.29.  BeperoBOH  OTicpbiTbiH  Boaoc6poc:  1  -  noflBoaamHH 
Kanaji;  2  -  roaoBHaa  Hacxb  b  bm^c  BoaoaiHBa;  3  -  oi  BoaamHH 
npoMe>KyTOHHbiH  KaHaa;  4  -  cSpocnax  naci  b  (Sbici  po  i  OK);  5  - 
KonucBaa  Haci  b;  6  -  rpym  oBaa  luio  i  nna;  7  -  pyaio  pcKH 

PacnoaaraKDT  hx,  xax  npaBHao,  Ha  o^hom  6epery,  HHor^a  -  Ha  flByx  6e- 
perax  (annib  npn  3HaaHTeabHbix  cSpocoBbix  pacxo^ax). 
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2.1.2.  KoHCTpyKUHH  SeperoBwx  BoaocSpocoB 

OTKptiTbie  SeperoBbie  BoaocSpocbi  cocToar  H3  Tpex  ochobhbix  aacTeii: 
noflBOA^mero  xaHaaa,  BoaocaHBa  (J)pOHTaabHoro  THna,  peryjiHpyiomero  c6pa- 
CbiBaeMBiii  pacxoa,  h  BoaooTBoaaiaero  ycTpoficTBa. 

Ylodeodnupiu  Kanan  aoaaceH  oOecneaHBaTb  ruiaBHBiH  noaeoa  Boati  k 
BoaocaHBy.  B  nuaHe  oh  HMeeT  oObihho  xpHBOHHHeHHoe  oaepTamie  h  nepeMeH- 
HyK)  niHpHHy  B^ojiB  noTOKa.  IlpH  6ojibhihx  rayOmiax  ran  an  aacTO  BbinoniunoT 
c  ropH30HTaabHbiM  anoivi,  a  npn  Maabix  rayon nax  -  c  oopanibiM  yKaoHOM  ana 
oSecneaeHHa  6oaee  paBHOMepHoro  h  naaBHoro  Bxoaa  b  Hero  Boati.  Otkocbi  h 
aHO  xaHaaa  b  CKaabHbix  rpyHTax  He  yxpennniOT,  a  b  HecKaabHbix  -  noicpbiBaiOT 
3aniHTHOH  oaeacaoH,  ho  annib  b  30He  ero  npHMbixaHHa  k  BoaocaHBy,  ecan  cxo- 
pocTb  noTOKa  npeBbimaeT  aonycTHMbie  aaa  HeyKpenaeHHoro  rpyrna.  Ilone- 
peaHoe  ceaeHHe  noaBoaamero  xaHaaa  TpanepeHaaabHoe  c  3aaoaceHHeM  otko- 
cob  npHMepHO  1,5-2, 5  b  HecKaabHbix  h  0,5  b  CKaabHbix. 

BodocjiueHan  uacnib  npeacTaBaaeT  co6oh  HeBbicoxyio  BoaocaHBHyK) 
naoTHHy,  niYieiomyio  npaMoanneinioe  oaepTanne  b  naaHe.  HHoraa  ana  yBean- 
aeHHa  a-JiHHbi  BoaocaHBHoro  (J)pOHTa  b  CTecHeHHbix  ycaoBHax  BoaocaHBy  npn- 
aaK)T  KpHBoaHHeiiHyK)  nan  aance  6oaee  cno'/xnyio  3Hr3aroo6pa3HyK)  (J)opMy. 

B  KOHCTpyKTHBHOM  OTHOHieHHH  BOaOCnHBHafl  naOTHHa  OTKpbITOrO  6epe- 
roBoro  BoaocSpoca  aHanornaHa  coopyacemniM  H3  SeTOHHbix  h  aceae3o6eTOH- 
hbix  naoTHH.  HanSoaee  aacTO  BbinoaronoT  BoaocaHB  c  hh3khm  noporoM,  peace 
npaxTHaecKoro  npo(J)Haa.  OeoSeHHOCTbio  BoaocaHBa  SeperoBoro  BoaocOpoca 
aBaaeTca  OTcyTCTBHe  c  ero  hh30boh  ctopohm  ycTpoiiCTBa  aaa  rameHHa  3Hep- 
thh  cSpacbiBaeMoro  pacxoaa,  xax  sto  aeaaeTca  Ha  peryaaTOpax  Boao3a6opHbix 
coopyaceHHH  [7]. 

Bodoomeodmuee  ycmpoucmeo  b  oeperoBbix  OTKpbiTbix  Boaocopocax 
BxnioaaeT,  xax  npaBHao,  OTBoaaniHH  npoMencyroaHbiH  xaHan,  conparaiomee 
coopy'/Kemie  b  BHae  ObiCTpoTOxa  nan  b  OTaeabHbix  cayaaax  b  BHae  MHorocTy- 
neHaaToro  nepenaaa  h  ycTpoiiCTBa  aaa  rameHHa  3HeprHH  noTOxa. 

Omeodmpuu  n p om ej/cym ohhm u  Kanan  ycTpaiiBaiOT  ana  BbipaBiniBaiiHa 
noTOxa  h  noaBoaa  ero  x  conpnraiomeMy  coopyaceHHio.  ,Z],ho  h  otxocbi  xaHaaa 
yxpenaaKDT  SeTOHHOH  oaeacaoii,  ToamHHy  xoTOpoii  npHHHMaiOT  b  3aBHCHMOCTH 
ot  cxopocTH  noTOxa  h  reoaornaecxHx  ycaoBHH. 

EbicmpomoKaMU  Ha3biBaK)T  conparaiomne  coopy'/xemia  b  BHae  aoTxa, 
xoTOpbie  nepeBoa^T  Boay  c  OonbiHHMH  cxopocTnMH  H3  BepxHero  xaHaaa  b 
hh)xhhh.  Boaa  npn  3tom  ot  aHHma  h  ctch  He  OTaenaeTca. 

BbiCTpOTOx  coctoht  H3  Bxoaa,  aoTxa  (BoaocxaTa),  ycnoxoHTeaa  h  bbi- 
xoaHoii  aacTH,  coeaHHaMHien  aoTOx  c  hh)xhhm  xaHaaoM  (pnc.  3.30)  [4]. 

Bxoaamyio  aacTb  6biCTpOTOxa  paccaHTbiBaiOT  h  BbinonHaiOT  b  BHae  pac- 
Tpy6a.  JloTxy  ObiCTpoTOxa  npnaaiOT  npaMoyroabHoe,  Tpaneu,eHaaabHoe  nan 
6oaee  caoacHoe  nonepeaHoe  ceaeHHe.  IIpaMoyroabHoe  ceaeHHe  cnocoScTByeT 
C03aaHHK)  ycaoBHH  a na  ycToiraHBoro  aBHnceHHa  noTOxa  xax  b  aoTxe,  Tax  h  Ha 
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Bbixoae  c  MeHtmeii  BepoaTHOCTbio  B03HHKH0BeHHa  cSeraiomux  bojih  b  noTKe  h 
cSohhocth  Ha  Bxoae.  IIpH  TpanepeHflanBHOM  ceneHHH  nojiynaeTca  MeHbinaa 
ctohmoctb  coopyacemia  3a  cneT  3aMeHbi  SopTOB  Ha  noanopHbie  ctchkii  c  Ha- 
KJIOHHOH  rpaHBK)  HJTH  o6jIHU,OBKy,  HO  BepOaTHOCTb  B03HHKH0BeHH3  cSOHHOCTH 
hjih  c6eraK)uiHx  bojih  3aecb,  Kaic  npaBHJio,  Sojituie. 


Phc.  3.30.  EeTOHHbm  SbicrpoTOK:  1  -  bxoa;  2  -  jiotok; 

3  -  OTBepcraa  b  iuiHTax;  4  -  ihob;  5  -  BoaoSoniibiH  kojiojicu; 

6  -  BblXOfl 


IIo  KOHCTpyKU,HH  JIOTKa  pa3JIHHaiOT  SbICTpOTOKH  niaaKHe,  CTpyinibie  H  c 
HCKyCCTBeHHOH  (nOBbIHieHHOH)  HiepOXOBaTOCTbK)  [4,  7], 

JIotok  rjia^Koro  (HanSojiee  pacnpocTpaHeHHoro)  SbiCTpoTOKa  HMeeT 
KOHCTpyKTHBHO-oca^OHHbie  HiBbi  Hepe3  5-15  m  no  flJiHHe.  Ecjih  coopyaceHTie  H3 
SeTOHa,  to  ^ejiaioT  eme  h  npoaojibHbie  hibbi,  KOTOpbie  omejiaioT  annuie  ot 
SopTOB,  BbinojiHeHHbix  b  BH^e  noflnopHbix  ctchok  hjth  o6jthu,obok  (npH  Tpane- 
peH^ajibHOM  cenemiH).  Co  CTOpOHbi  ocHOBaHHa  no#  HiBaMH  ycTaHaBJiHBaiOT 
oopaTiibie  (|)HJTbTpbi,  npeaynpe/KaaiOLHiie  B03MoacHbie  BbiMbiBbi  rpyHTa. 

/jHHHie  -  (j)JHOT6eT  SbICTpOTOKa  BbinOJTHaiOT  nOCTOaHHOH  TOJHHHHbl,  paB- 

HOH  0,2-0, 5  M. 

Ha  onpefleJieHHOH  ^jiHHe  jiOTKa  HaSjnoaaeTca  KpHBaa  cnaaa  cboSo^hoh 
noBepxHOCTH  noTOKa,  nojioaceHHe  koto  poll  no3BOJiaeT  naBiianaTb  BbicoTy  SopTOB. 

B  tom  cjiynae,  Koma  6biCTpOTOK,  cjie^ya  pejibecjry  mccthocth,  ycTpoeH  c 
yKJiOHOM  Sojibine  aonycTHMoro  no  cxopocTH,  t.  e.  [19] 


"'>  Jp, 


c2r ’ 


(3.21) 


me  Va  -  aonycTMiviaa  cxopocTb  aJia  aannoro  MaTepnajia  coopyacemia;  C  -  ko- 
3(J)(|)HH,HeHT  IIIe3H;  R  -  THapaBJTHHecKHH  paanyc;  b  KOHpeBOH  nacTH  noTKa  cko- 
pocTb  aocTuraeT  Beanmnibi,  onacnoir  aJia  MaTepnana  coopyaceHHa.  /la a  orpa- 
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HHHemM  cicopocTH  b  npeaeaax  Bcero  3Toro  yaacTica  .neaaeTca  noBbimeHHaa 
(HCKyccTBeHHaa)  mepoxoBaTOCTB.  /lawny  ywacTKa  onpeaeaaiOT,  opneHTHpyacb 
Ha  rayOwny: 

K  =  y,  (3-22) 

"a 

rae  q  -  y^eabHbiH  pacxo,n. 

IIoBbiHieHHaa  mepoxoBaTOCTb  co3,aaeTca  3a  caeT  pa3MemeHHa  Ha  /jHe 
aoTKa,  peace  no  ero  SopTaM  HepoBHOCTeii  b  BHfle  SpycKOB,  3y6beB,  marneK,  no- 
nepenHbix  h  3Hr3aroo6pa3Hbix  ctchok,  y b e jihhhb aiomHx  K03(j)(])Hi],HeHT  rnepo- 
xoBaTOCTH  inioraa  b  aecaTKM  pa3.  3aaaBaa  BbicoTy  saeMeHTOB  b,  npumiMaa 
paccToaHne  Meacay  aaeMeHTaMH  (8-10)  b  h  HiHpHHy  Spycica  (maimcH)  (0,8-1) 
b,  noaSnpaiOT  KOHCTpyKpmo,  no/mepacHBaiomyK)  Ha  Been  aamie  paBHOMepHyio 
CKOpocTB  b  3a^aHHbix  npeaeaax. 

MHoaocmynennambie  nepenadbi  npnivieninoT  npn  ananuTeabiibix  yicaoHax 
MecTHOCTH  (i  >  0,25)  h  HeSoabHiHx  y^eabHbix  pacxoaax  (^o  15  m  /c). 

riepenaabi  SbmaiOT  OTKpbiTbie  CTynennaTbie  h  noaynanopnbie.  Maine 
ycTpaHBaKDT  OTKpbiTbie  nepenadbi,  cocToainne  H3  Bxona,  CTyneHeH  h  Bbixona 
(pHC.  3.31).  B  TaxoM  coopyaceHHH,  npoTeicaa  co  CTyneHH  Ha  CTyneHb,  noTOK, 
OTpbiBaacb  ot  rpeOroi  ctchkii  naneHHa,  aacTb  nyTH  coBepmaeT  b  cboSoahom 
noaeTe,  nanaa  Ha  caoii  Boabi  oaepe^HOH  CTyneHH.  IIpohcxoaht  coynapemie 
CTpyii,  pe3Koe  H3MeHeHne  ckopocth  h  hx  HanpaBaemiH.  Bee  3to  npHBoaHT  k 
HHTeHCHBHOMy  raHieHHK)  3HeprHH. 


Phc.  3.31.  MnoiociyiiciiMaibiH  ScromibiM  nepenaa:  1  -  noHyp;  2  -  bxo/i;  3  - 
CTeHKa  iiaaciiHa;  4  -  BonoSomiaa  luima;  5,  6  m  8  -  CTyneHH;  7  -  cjihbiibic  OTBep- 
cths;  9  -  Bbixoa;  P  -  BbicoTa  CTemoi  naaeHna;  d  -  BbicoTa  BoaoSoHHon  ctchkh 
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Ilepenafl  MoaceT  hmctb  ot  o^hoh  ro  hcckojibkhx  CTyneHefi  h  npaMO- 
yronBHoe  hjih  TpanepeH^anBHoe  nonepenHoe  ceneHHe.  CTyneHB  bbihojithhot 
no  Tnny  BO^oSonHoro  KOJioflpa,  orpaHnneHHoro  b  Hanane  ycTynoM  (cTemcon 
na^eHna)  n  b  KOHpe  bo^oSohhoh  ctchkoh.  BBicoTy  ctchkh  na^eHna  P  npHHH- 
MaK)T  ^0  3-5  m,  a  hhcjio  CTyneHen  onpeflejiaiOT  no  (jiopMyjie  [19] 


n  = 


Z 

P-d  ’ 


(3.23) 


pne  Z  -  pa3HOCTB  ypOBHen  boabi  noflBOflamero  n  OTBOflamero  KaHanoB;  d  -  bbi- 
COTa  BOflOSOHHOH  CTCHKH. 

BxoflHyio  nacTB  nepena/ia  ocjiopMJHHOT  b  Bn^e  pacTpySa,  Ha3Hanaa  ^jinHy 
noHypa  2-5  HanopOB.  ninpnHy  nepena^a  ycTaHaBJiHBaiOT  b  cooTBeTCTBnn  c 
mnpHHon  Bxo^a,  KOTOpBin  npn  npaMoyrojiBHOM  nonepenHOM  ceneHnn  paccnn- 
TBiBaKDT  no  (jiopMyjie  HCTeneHna  nepe3  cboSoahbih  BO^ocnnB  c  mnpOKHM  npo- 
6opOM: 

Q=  z-m-b- Hq2 ^2q  ,  (3.24) 


r,ne  8  -  K03(|)(J)Hu,neHT  pacxo^a  flJia  BOflOCJiHBa  c  mnpoKHM  noporoM,  8  =  0,32- 
-0,385;  m  -  K03(j)c[)Hii,HeHT  SoKOBoro  oxaraa;  b  -  mnpnHa  Bxo^a;  H0  -  Hanop 
Ha  nopore  c  yneTOM  cxopocTH  no^xo^a. 

PacneT  CTyneHen  nepena^a  CBOflHTca  k  onpeflejieHHio  pa3MepOB  CTyneHH 
H  BBICOTBI  BOflOSOHHOH  CTCHKH,  ^OCTaTOHHBIX  flJia  nOflTOnJlCHHa  npBDKKa  H 

pa3MenieHna  ero  b  npe^ejiax  CTyneHH.  CacaTne  he  n  conpaaceHHyio  hc "  rjiySmiy 
Ha  CTyneHH  onpeflejiaiOT  H3  3aBHCHMOCTeii 

q  =  he-ypq(H0+P  +  he)  ,  (3.25) 


-1, 


(3.26) 


Tfle  q  -  yfleJIBHBIH  pacxo#;  (p  -  K03(|)(|)HH,HeHT  CKOpOCTH,  HMdOIHHH  CJieflyiOHIHe 
3HaneHHa: 


P,  M 

1 

2 

3 

4 

5 

9 

0,97 

0,94 

0,91 

0,89 

0,87 

H0  -  Hanop  c  yneTOM  ckopocth  no^xofla;  P  -  BBicoTa  ctchkh  na^eHHa. 

^jia  3aTonjieHHa  npBDKKa  ^ojdkho  co6nK)flaTBca  HepaBeHCTBO 

Khc "  <d  +  H',  (3.27) 

pzje  H'  -  Hanop  Ha^  rpeSHeM  bo^oSohhoh  ctchkh,  onpeflejiaeMBiH  no  (j)opMyjie 
HCTeneHHa  nepe3  TOHKyK)  CTeHKy  npn  m  =  0,42;  d  <  0,25 (P  +  H0 ). 
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^jiHHy  CTyneHH  blihhcjimkdt  no  (J)opMyjie 

L  =  /otji  +  CT-Znp,  (3.28) 

rae  /0TJI  -  fljiHHa  OTJieTa  CTpyH;  /np  -  annua  npbDKKa. 

OObihho  paccnnTMBaKDT  nepByK)  n  nocneamoK)  CTyneHH.  ^,jia  Bcex  CTy- 
neHen,  KpOMe  nocneaHen,  npHHHMaiOT  K.  =  1,05-1,15  no=l  n  6onee. 

BticoTy  npoaoJiBHBix  ctchok  ycTaHaBJiHBaiOT  c  yneTOM  Toro,  hto  3anac 
SopTOB  Haa  ypOBHeM  Boati  b  coopynceHini  aoJinceH  6bitb  Ha  30  %  Sojibine,  neM 
b  perynaTOpax. 

COopnbie  conpmaioupie  coopyjicemm  npiiMenaiOTca  Ha  opocHTejibHbix 
CHCTeMax  h  noapasaenaiOTcn  Ha  TpySnaTbie  SbiCTpOTOKH  h  maxTHBie  nepenaati 
cSopHoii  KOHCTpyKu,HH.  TpySnaTbii!  StiCTpOTOK-perynaTOp  (pnc.  3.32,  3.33)  co- 
CTOHT  H3  BXOaHOrO  OrOJIOBKa  C  nJlOCKHM  3aTBOpOM  H  BHHTOBBIM  nOa^CMHHKOM, 
BoaonpoBoa^meii  >Kejie3o6eTOHHOH  hjih  acOecTopeMeHTHoii  TpySbi  h  BbixoaHO- 
ro  oronoBKa.  IIocjieaHHH  coctoht  H3  roprooHTajibHO  ynonceHHOH  TpyObi  c  ana- 
MeTpOM,  npeBbimaKDHiHM  anaMeTp  HaKJiOHHOH  TpyObi,  h  racHTeneii  3HepniH. 
CoopynceHiie  MonceT  paSoTaTb  b  HanopHOM,  nonyHanopHOM  h  6e3HanopHOM 
pe>KHMe  [19]. 


m 


Phc.  3.32.  TpySnaibiM  SbicipoiOK-pci  yjiaiop  cSopnon  KOHCTpyKu,HH 


B  maxTHOM  nepenaae  (pnc.  3.33)  oSecnenHBaeTca  nocToaHHbiH  Hanop- 
hbih  pencHM  b  ropH30HTajiBHoii  Tpy6e.  3to  yryninaeT  ycnoBiia  pacnpeaeneinia 
noTOKa  b  HHncHeM  6be(|>e. 

KoHCOJlbHblU  cdpoc  (pHC.  3.34)  yCTpaHBaiOT  jpin  OTBOaa  BOatl  H3  Boao- 
xpaHHJiHma  h  c6poca  ee  b  KOHpe  KaHanoB  b  6nH>KaHHHie  noHHnceHHa  mcctho- 
cth.  CoopynceHne  coctoht  H3  Bxoaa  h  JiOTKa  rana  SbiCTpOTOKa.  Hh>khk>K) 
c t p y e n a n p a b n h io uiy i o  LiacTb  JiOTKa  (KOHCOJib)  pacnonaraiOT  Haa  otkocom  Ha 
rnySoKO  onymeHHbix  b  rpyHT  onopax  [4,  18]. 

,Z],oporocTOflmHH  ycnoKOHTenb,  pncSepMy  h  KpenneHne  rpyrnn  Ha  bccm 
ynacTKe  noBbimeHHbix  CKOpocTeii  3a  coopy>KeHHeM  3aecb  He  aeaaiOT.  Boaa, 
naaaa  c  kohcojih,  pa3MbiBaeT  rpyHT,  o6pa3ya  BOpOHKy  pa3MbiBa  ao  rnySmibi, 
oSecnenHBaiOHieH  rameHHe  OHeprHH. 
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Phc.  3.33.  IIIaxTHbiH  ncpcnaa 
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PacneTM  Bxo^a  h  noTKa  aHajiorHHHbi  pacneTaM  oSbihhoto  SbiCTpOTOKa. 
KOHCOJIBHaa  HaCTL  JIOTKa  flJIHHOH  B  HCCKOJIbKO  MeTpOB  CJiytfCHT  HanpaBJi^KDmHM 
ycTpoficTBOM  fljia  OTSpacbiBaHHa  noTOKa  ot  onopti.  C  pejibio  yMeHtmeHna 
rJiy6HHBI  BOpOHKH  pa3MBIBa  KOHCOJIB  paCHIHpaiOT  H  yCTaHaBJIHBaKDT  Ha  HeH 
HOCKH-pacmenHTejiH.  DiySmiy  bopohkh  HaxoflaT  cneiiHajibHbiM  pacneTOM  h 
yHHTBiBaKDT  npH  3arny6jieHHH  onop. 

KoHCTpyKTHBHbie  ocoSeHHOCTH  KOHCOJiBHoro  nepena^a  ^ejiaKDT  sto  co- 
opy'/Kemie  jjocTaTOino  skohomhhhmm,  ho  bopohkh  pa3MBiBa,  KOTOpbie  ocooemio 
3HaHHTejiBHBi  b  pa3MBiBaeMbix  rpyHTax,  o rpan  hh h bbiot  30Hy  ero  npiiivienenMa. 


2.2.  IIpoeKTHpoBaHHe  BoaonponycKHbix  coopyjKemm 
npa  3eMJiHHbix  njiOTHHax 

Tpaccy  BOflOCSpOCHblX  yCTpOHCTB  Bbl6HpaK)T  Ha  OCHOBaHHH  TeXHHKO- 
3KOHOMHHeCKOrO  CpaBHCHHH  BapHaHTOB  TaK,  hto6bi  oSbCM  pa60T  H  o6maa 
CTOHMOCTB  COOpyiKCHHJI  SblJIH  MHHHMaJIBHBI.  IIpH  3TOM  yHHTbIBaiOT  B03M0/K- 
hoctb  nacTHHHoro  hjih  nojiHoro  Hcnojib30BaHHa  rpyHTOB.  Tpacca  ^ojirnia  Sbitb 
npaMOJiHHeHHOH,  a  TaM,  r^e  ^octhhb  stoto  hcbo3mo>kho,  pa^nyc  3aKpyrjieHHa 
^0Ji5KeH  6biTb  b  npeaenax,  ^onycTHMbix  no  HOpMaM  ana  KaHajiOB  pasanHiioro 

Ha3HaneHHa  [4]. 

OTKpbiTbie  BO^ocSpocHbie  coopy>KeHHa  6biBaK)T  aBTOMaTHnecKoro  flen- 
CTBHa  H  C  3aTBOpaMH. 

Pacnono>KeHHe  BO,nonponycKHbix  coopyaceHHH,  hx  (jiopMa  h  pa3Mepbi 
flOJDKHbi  6biTb  TaKOBbiMH,  hto6bi  oSecneHHBajica  njiaHOBbin  no^xo#  k  hhm  h  He 
B03HHKaJIH  SoJIbHIHe  CKOpOCTH  nOflXOfla  BOflbl. 

TaKne  coopyaceHHa  cjie^yeT  CTpOHTb  ^o  B03Be,neHHa  njiOTHHbi  hjih  o^ho- 
BpeMeHHO  c  Hen.  Bo  roSeacaHHe  no^MbiBa  ocHOBamia  coopyaceHHa  HeoSxo^H- 
mo  npeflycMaTpHBaTb  ycTpoiiCTBa  fljia  rameHHa  SHepran  noTOKa. 

OTMeTKy  nopora  fljia  BOflonponycKHbix  coopyaceHHH  ycTaHaBJiHBaiOT  b 
3aBHCHMOCTH  ot  hx  Ha3HaneHHa.  ^Jia  BO^ocSpocHbix  coopyaceHHH  aBTOMaTHne- 
ckoto  ^eHCTBHa  boaocjihbhoh  nopor  Ha3HanaiOT  Ha  otmctkc  HOpMajibHoro 
noflnopHoro  ypOBHa,  a  npn  ynpaBJieHHH  3aTBOpaMH  -  HHace  HOpMajibHoro  no^- 
nopHoro  ypOBHa.  B  BOflonponycKHbix  coopy>KeHHax  boaocjihbhoh  nopor  npn- 
HHMaiOT:  fljia  BO/iOBbinycKa  -  Ha  otmctkc  MepTBoro  oobeivia,  a  fljia  BO^ocnycKa  -  b 
HanSojiee  noHHaceHHoii  nacTH  TajibBera  hjih  b6jih3h  Hero. 

2.2.1.  PacneT  TpaHiiieimoro  BO,aoc6poca 

TpaHHieHHoe  BO^ocSpocHoe  coopyaceHHe  coctoht  H3  BO^ocjiHBa  c  ninpo- 
KHM  nOpOTOM  HJIH  BOflOCJIHBa  npaKTHHeCKOTO  npO(j)HJia,  BOflOeSpOCHOH  TpaH- 

men  h  otbo^hoto  KaHajia  (pnc.  3.35)  [4], 
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ITopor  BO^ocjiHBa  pacnoaaraiOT  Ha  otmctkc  HIIY  b^ojib  6epera  bo^o- 
xpaHHJTHma  Ha  paccToaHnn  20-40  m  ot  hjiothhbi.  Hanop  Ha  nopore  BO^ocanBa 
npHHHMaiOT  b  npe^ejiax  H  =  0,75-1,0  m. 


Phc.  3.35.  TpaHineHHbiH  BoaocSpoc:  1  -  TpaHinea;  2  -  cSpocHoil  KaHan;  3  - 
OTBoaamHH  KaHaji;  4  -  conpai  aiouicc  coopyacemie;  5  -  iuicraiHa;  6  -  moct; 

7  -  BoaocjiHBHoii  nopor 


r H^paBJTHHecKHH  pacHeT  TpaHinenHoro  BO^ocSpoca  CBOflHTca  k  onpe^e- 
JieHHK)  flJIHHbl  BOflOCJIHBHOrO  nOpOra  L  H  nOCTpOeHHK)  KpHBOH  CBOSo^HOH  no- 
BepxHOCTH  BOflBi  no  n p h 6 a h >k e 1 1 n o m y  ivieToay,  npeaao'/Keinioiviy  npocf).  E.  A.  3a- 
MapHHBiM.  PacneT  cae,nyeT  BbinoaroiTb  npn  nponycxe  pacxo^OB  Q,  0,5 Q  h 
0,250  [4], 

^jiHHy  BOAOcaHBHoro  nopora  onpe,nenaK)T  no  (J)opMyne  HenoflTonaeHHO- 
ro  nan  noflTonaeHHoro  BO^ocanBa  b  3aBHCHMOCTH  ot  xapaicrepa  conpaaceHna 
noTOKa  b  HnacHeM  Sneeze. 

Ecan  hn  >  nH0,  to  BO^ocanB  noflTonaeHHbin,  ecan  hn  <  nH0,  to  BO^ocanB 
HenoATonaeHHbiii,  h„  -  npeBbimeHne  ypOBHa  bo^bi  HnacHero  6be(J)a  Ha#  nopo- 
tom  BO^ocaHBa,  m ;  n  —  KoacjxfnmneHT  noATonaeHHa,  npnHHMaeMbin  ot  0,75  ^,o 
0,83-0,87. 

npn  HenoflTonaeHHOM  BO^ocanBe  ^aHHy  BOfloeanBHoro  nopora  bbihhc- 
aaiOT  no  (J)OpMyae 


L  = 


r3/ 2 


(3.29) 


m^TgH1 

'J 

r^e  q  -  pacxo^,  cOpacbiBaeMbin  nepe3  TpaHmeK),  m  /c;  m  -  K03(J)(J)Hu,HeHT  pac- 
xo,zia,  npnHHMaeMbin  npnSanaceHHO  paBHbiM  0,36;  H  -  Hanop  Ha  nopore  bo^o- 
canBa,  m. 
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npii  noflTomieHHOM  BOflOCJiHBe  fljiHHy  BOflOCJiHBHoro  nopora  Haxo,naT  no 
(|)0pMyjie 


L  = 


(3.30) 


r^e  (p  -  K03(|)(j)Hu,HeHT  ckopocth;  h  -  rnySnHa  bo^bi  Ha  nopore  BO^ocnnBa  b 
KOHpe  BxoAHoro  ynacTKa  (rnyOnHa  noflTonjieHHa),  m;  z  —  pa3HOCTB  ypOBHen 
bo^bi  nepefl  noporaMH  Ha  nopore  BOflOCJiHBa,  m. 

TnyOnHy  bo^bi  mojkho  npHHaTB  h  —  H  -  z.  Pa3HOCTB  ypOBHen  bo^bi  ne- 
pefl  noporaMH  n  Ha  nopore  BO^ocnnBa  mojkho  Hanm  H3  3aBnenMOCTH 

o  =  yj2gz.  (3.31) 


TnyOnHy  nanoanemia  n  cpeanne  yKJiOHBi  Ha  OTaeabiibix  ynacncax  TpaH- 
men  onpe^eaaiOT,  3a£aBaacb  mnpHHon  TpaHmen  no  ^Hy  n  cpeAHen  ckopoctbk) 
TeneHna  bo^bi. 

nP  h  m  e  p  3.  PaccnHTaTB  TpamneHHBiH  BOfloeSpoc  SeTOHHon  kohct- 
pyKu,nn  npn  caeayiomnx  hcxo^hbix  aannbix:  pacxoa,  cSpacbiBaeMBin  wepea 
TpaHmeio,  Q  =  136,0  m7c;  Hanop  Ha  nopore  BOAOCJiHBa  H—  1,0  m;  ko3(J)(J)hu;h- 
eHT  3ajioaceHHa  OTKoea  m  =  1,0;  K034)(J)Hu,HeHT  mepoxoBaTOCTH  n  =  0,025; 
Hflon  =  3,0  m/c  (pHC.  3.36). 


nOBB-W 


vHny--fto 

Als 

Alt, 

Alj 

Alz 

Al, 

°ca 

«ST 

«NT 

<\T 

CNI 

-c: 

•«= 

Is 

I * 

is 

12 

It 

Honepa  ceueHuu 

5  < 

3  2  10 

PaccTORHua  mb a 

dij  cemuanu.ri 

20,0 

20,0  20,0  20.0  20,0 

Ornmu  cBoMho 

nafiepxHOCTu 

Si  s  ^  ' 

Stf  Sjf  Jjf  g;  - 

Dr  ms  mu  dun 

TpJHUteU 

S  Ss  «  ^  » 

Cv,  CSj  JVi  Ps,-  Oy- 

Phc.  3.36.  PacneTHaa  cxeMa  BOflocSpocHoil  TpaHineH 


P  e  m  e  h  h  e.  IIo  (jDOpMyjie  (3.29)  ,a,jia  He3aTonaeHHoro  BOflOCJiHBa  c  ihh- 
poKHM  noporoM  BBiHHCJiaeM  flHHHy  BOfloeaHBa  L ,  npHHHMaa  3HaneHHe  koscJ)- 
4)Hu,HeHTa  pacxofla  m  =  0,36: 


136,0 

0,36-72-  9,81  - 1,03/2 


^100 


M. 
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Pa36nBaa  Tpamneio  Ha  miTB-mecTB  ynacTKOB  (pnc.  3.36),  onpe^ejiaeM 
paccToaHHe  a o  paccMaTpHBaeMBix  ceneHHH:  Xi,  x2,  x3,  xn.  HaxoflHM  y^ejiB- 

hbih  pacxofl  q  =  —  =  =1,36  m3/c  Ha  1  m.  3Haa  y^ejiBHbiH  pacxo^,  bbihhc- 

L  1 00 

ji&eM  pacneTHBiH  pacxo,a;  Ha  cenemrax:  Q\  =  Qx i,  Q2  =  0x2,  03  =  0x3,  Ha- 
npHMep,  =  1,36-20  =  27,2  m3/c.  3a#aeMca  cpe^HeH  ckopoctbk)  b  Hanane 
TpaHinen  hh  =  1,5  m/c  (Ha  paccToaHHH  /  =  0,5  m  ot  HanajiBHoro  cenemni),  a 
Taioxe  cpe^Heii  CKOpocTBio  b  KOHpe  TpaHineH  nK  =  2,5  m/c. 

Onpe^ejiaeM  cpe^Hee  3HaneHHe  ckopocth  b  ceneHHax: 

Hi  =  hh+  a(x\  - 1), 

r^e  a  -  K034>cj)Hu,HeHT  nponopu,HOHajiBHOCTH, 

a  =  =  2.5-1.5  = 

L-l  100-0.5 


OTKyna 


u,  =  1,5  +  0,01(20  -  0,5)  =  1,69  m/c. 


3Haa  cpe^Hee  3HaneHHe  ckopocth,  paccHHTBiBaeM  njiOHia^b  tkhboto  ce- 


nemni  b  Ka^K^OM  cchchhh: 


coj  =  — ,  oo2  =  — ,  co3  =^L  ht.  ooj  = — —  =  1 6,0  m2,  co2  =  ... 


npH  H3BCCTHBIX  3HaHefflHIX  nJIOHiaflH  7KHBOTO  CeneHHa  H  K03(j)(f)HI],HeHTa 
saao/Keniia  OTKOca  onpeaeaaeM  nrySwiy  H3  Bbipa/Kenna 


■b1±Jb{+  4m®  { 


,  h2  — 


±Jb1  +4/7700- 


H  T.  fl. 


ryie  b  -  mnpHHa  TpaHHien  no  ^ny,  npnHHMaeTca  jikhchho  roMemnomeHca:  5,  8, 
1 1  m  h  t. 


-5  +  V52  +4-1-16 


=  2,21  M  H  T.  £. 


npn  H3BCCTHBIX  01,  02,  03,  •••,  1>1,  1>2,  1>3,  •••,  h\,  h2,  h3, 
n  =  0,025  onpe^ejiaeM  KaTK^oro  ceneHHa  yKJiOH: 


b\,  b2,  b3  h 


U|  Up  .  Ui 

h  =  9  h  =  ^ -  HT-  A- 

L/ 1  /Vi  iV')  L/o  ivi 


HanpHMep:  0=  1 ,69  /1 1 1 ,72. 

r H^paBJiHHecKHH  pa^nyc  TpaHineiiHoro  Kanaaa  BBinncjiaeM  no  (jiopMyjie 

*  =  ^, 

X 
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r,ne  x  -  flJiHHa  CMoneHHoro  nepHMeTpa, 


X  = 


b  +  2h4\ 


+  m 


(3.32) 


Onpe^ejiaeM  nocne^OBaTejiBHO  R\,  R2,  R2,  R4  n  R5: 


R  =  ®i  =  16 

Xi  5  +  2-2, 2lVl+7 


=  1,42  m. 


Ko3(J)(|)Hu,HeHT  IlIe3H  C,  m0,5/c,  Bt,i6HpaeM  no  Ta6n.  3.3  b  3aBHCHMOCTH  ot 
K03(|)(J)Hu,HeHTa  mepoxoBaTOCTH  n  n  rnflpaBJinnecKoro  pa^nyca  R.  ,Z],jia 
R\  =  1,42  n  n  =  0,025  3HaneHne  C)  =  41,7. 


TaojiHua  3.3 


3HaHeHHH  K03(]j(])HUHeHTa  UIe3H  C,  m°'5/c, 
noacHHTaHHbie  no  (jiopMyjie  T.  B.  5KeJie3HHKOBa 


R  (Aq,), 

n 

M 

0,01 

0,015 

0,02 

0,025 

0,03 

0,04 

0,05 

0,08 

0,1 

0,2 

0,1 

80,7 

42,2 

34,5 

26,0 

20,5 

14,1 

10,5 

5,47 

3,92 

1,01 

0,2 

86,3 

54,3 

38,7 

29,7 

23,8 

16,8 

12,7 

7,0 

5,20 

1,79 

0,3 

89,7 

57,3 

41,4 

32,1 

26,0 

18,6 

14,3 

8,09 

6,13 

2,37 

0,4 

92,1 

59,5 

43,4 

33,9 

27,6 

20,0 

15,5 

8,98 

6,89 

2,86 

0,5 

94,0 

61,2 

44,9 

35,3 

28,9 

21,1 

16,5 

9,73 

7,54 

3,29 

0,6 

95,6 

62,6 

46,2 

36,7 

30,0 

22,7 

17,4 

10,4 

8,12 

3,68 

0,7 

96,9 

63,8 

47,4 

37,6 

31,0 

22,9 

18,1 

11,0 

8,65 

4,04 

0,8 

98,0 

64,9 

48,3 

38,4 

31,8 

23,7 

18,8 

11,5 

9,13 

4,38 

0,9 

91,1 

65,8 

49,2 

39,3 

32,6 

24,4 

19,4 

12,0 

9,58 

4,69 

1,0 

100 

66,7 

50,0 

40,0 

33,3 

25,0 

20,0 

12,5 

10,0 

5,0 

1,2 

102 

68,2 

51,4 

41,3 

34,5 

26,1 

21,0 

13,3 

10,8 

5,56 

1,4 

103 

69,4 

52,6 

42,4 

35,6 

27,1 

21,9 

14,1 

11,4 

6,07 

1,6 

104 

70,5 

53,6 

43,4 

36,5 

27,9 

22,7 

14,8 

12,1 

6,55 

1,8 

105 

71,5 

54,5 

44,3 

37,4 

28,7 

23,4 

15,4 

12,6 

7,0 

2,0 

106 

72,4 

55,4 

45,1 

38,1 

29,4 

24,1 

16,0 

13,2 

7,43 

2,5 

108 

74,3 

57,1 

46,8 

39,8 

31,0 

25,6 

17,2 

14,4 

8,41 

3,0 

110 

75,8 

58,6 

48,2 

41,1 

32,2 

26,8 

18,3 

15,4 

9,28 

3,5 

111 

77,1 

59,9 

49,4 

42,3 

33,3 

27,8 

19,3 

16,3 

10,1 

4,0 

112 

78,3 

61,0 

50,5 

43,3 

34,3 

28,8 

20,2 

17,1 

10,8 

4,5 

113 

79,3 

61,9 

51,4 

44,2 

35,2 

29,6 

20,9 

17,9 

11,5 

5,0 

114 

80,2 

62,8 

52,2 

45,1 

36,0 

30,4 

21,6 

18,6 

12,0 

5,5 

115 

81,0 

63,6 

53,0 

45,8 

36,7 

31,1 

22,3 

19,2 

12,7 

6,0 

116 

81,8 

64,4 

53,7 

46,5 

37,4 

31,7 

22,9 

19,8 

13,2 

6,5 

117 

82,5 

65,0 

54,4 

47,2 

38,0 

32,3 

23,5 

20,4 

13,8 

7,0 

117 

83,1 

65,9 

55,0 

47,8 

38,6 

32,9 

24,0 

21,0 

14,2 
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OicoHHaHHe  Ta6ji.  3.3 


R  (hep), 

n 

M 

0,01 

0,015 

0,02 

0,025 

0,03 

0,04 

0,05 

0,08 

0,1 

0,2 

7,5 

118 

83,7 

66,2 

55,6 

48,3 

39,1 

33,4 

24,5 

21,4 

14,7 

8,0 

119 

84,3 

61,8 

56,1 

48,8 

39,6 

33,9 

25,0 

22,0 

15,2 

8,5 

119 

84,8 

67,3 

56,6 

49,4 

40,1 

34,4 

25,4 

22,3 

15,6 

9,0 

120 

85,6 

67,8 

57,1 

49,8 

40,6 

34,8 

25,9 

22,7 

16,0 

9,5 

120 

85,8 

68,3 

57,6 

50,3 

41,0 

35,3 

26,3 

23,1 

16,8 

10 

121 

86,3 

68,7 

58,0 

50,7 

41,4 

35,7 

26,7 

23,5 

16,9 

11 

122 

87,1 

69,5 

58,8 

51,5 

42,2 

36,4 

27,4 

24,2 

17,5 

12 

122 

87,9 

70,3 

59,5 

52,2 

42,9 

37,2 

28,1 

24,9 

18,1 

13 

123 

88,6 

71,0 

60,2 

52,9 

43,6 

37,8 

28,7 

25,5 

18,7 

14 

124 

89,3 

71,6 

60,9 

53,5 

44,2 

38,4 

29,3 

26,1 

19,3 

15 

124 

89,9 

72,2 

61,5 

54,1 

44,8 

39,0 

29,9 

26,7 

19,8 

16 

125 

90,5 

72,8 

62,0 

54,6 

45,3 

39,5 

30,4 

27,2 

20,4 

17 

126 

91,0 

73,3 

62,5 

55,2 

45,8 

40,0 

30,9 

27,7 

20,8 

18 

126 

91,6 

73,8 

63,0 

55,7 

46,3 

40,5 

31,4 

28,2 

21,3 

19 

126 

92,0 

74,3 

63,5 

56,1 

46,8 

40,9 

31,8 

28,6 

21,8 

20 

127 

92,5 

74,8 

64,0 

56,6 

47,2 

41,4 

32,2 

29,0 

22,2 

„  u,  1,69“ 

Ykjioh  b  nepBOM  ceneHHH  u  =  — ^ —  = - - - =  0,012  ht.  /p 

C[R !  41,72  -1,42 

3Ha a  yKJiOH  h  paccTO^HHe  MOK^y  ceneHmiMJi,  onpe^ejiMeM  noTepn  Hano- 
pa:  A hy  =  i]Ax]  ht.a.;  A/z,  =  0,0012-20  =  0,024  m. 

ITo  H3BeCTHBIM  h  H  Ah  HaXOflHM  OTMeTKH  CBOSOflHOH  IIOBepXHOCTH,  OT- 

MeTKH  ^Ha  TpaHmeH  h  ctpohm  npoflOJiBHBiil  npocj)HJiB  (cm.  pHC.  3.36).  Pe3yjiB- 
TaTBi  Bcex  pacneTOB  npeflCTaBJiaeM  b  BH^e  Ta6jinu,Bi: 


N°  n/n 

X,  M 

Q,  m3/c 

i),  m/c 

G) 

b,  m 

h,  m 

X 

1 

20,0 

27,2 

1,69 

16,0 

5,0 

2,2 

11,2 

2 

40,0 

54,4 

1,89 

28,7 

8,0 

2,7 

15,9 

3 

60,0 

81,6 

2,09 

39,0 

11,0 

2,8 

18,9 

4 

80,0 

108,8 

2,29 

47,4 

14,0 

2,8 

21,9 

5 

100,0 

136,0 

2,50 

54,4 

17,0 

2,8 

24,9 

N°  n/n 

R 

n 

C 

i 

Ah,  m 

OTMeTKH 

CB060flH0H  nOBepXHOCTH 

flHa  TpaHinen 

1 

1,42 

0,025 

41,7 

0,0012 

0,024 

14,98 

12,77 

2 

1,80 

0,025 

44,0 

0,0010 

0,020 

14,96 

12,26 

3 

2,06 

0,025 

45,2 

0,0010 

0,020 

14,94 

12,14 

4 

2,16 

0,025 

48,5 

0,0010 

0,020 

14,92 

12,12 

5 

2,18 

0,025 

48,8 

0,0010 

0,020 

14,90 

12,10 
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2.2.2.  PacneT  BopocnycKHoro  coopyiKeHHH 

^jia  ncuiHoro  hjih  nacTHHHoro  onopomieHmi  BopoxpaHHJiHma  npn  pe- 
MOHTe  njiOTHHLi  co  CTOpOHM  BepxHero  6becf)a,  pjw  npOMbiBKH  HaHOCOB,  a  Taioxe 
pjia  0CBe>KeHHa  bopbi  b  pbiOoBopHbix  npypax  ycTpaHBaiOT  BopocnycxH,  koto- 
pbie  npepHa3HaHaiOTai  pjia  nponycxa  HeOojibiHHx  pacxopoB.  Hx  ycTpaHBaiOT  H3 
CTajiBHBix  CBapHBix  hjih  nyryiiiibix  pacTpySnbix  h  >Kejie3o6eTOHHbix  Tpy6,  pa- 
SoTaiOHiHx  Kax  HanopHbie  (cm.  pnc.  3.28). 

Tpy6bi  Bopocnycxa  pacnojiaraiOT  HenocpepcTBemio  b  ocHOBaHHH  miOTH- 
hbi  b  HanSojiee  nomHiceHHOH  nacTH  TajibBera  hjih  b6jih3h  Hero. 

HtoObi  oSecncHHTb  nponnocTb  Tpy6  npn  ocapxe  hjiothhbi  h  M36e>KaTb 
(jDHJibTpau,HH  BflOJib  Tpy6,  ycTpaHBaiOT  >Kejie3o6eTOHHbie  pnacjDparMbi  (Ha 
CTajibHbix  TpySax  CTajibHbie  pnacjiparMbi),  pacnojiaraa  hx  b  MecTax  ctbikob  ot- 
pejibHbix  3BeHbeB  Tpy6.  BoKpyr  Tpy6  ymiapbiBaiOT  cjioh  rjiHHbi  hjih  rjiHHoSe- 
TOHa. 

,Z],HaMeTp  Tpy6bi  Bopocnycxa  npn  nopTonjieHHOM  bbixophom  OTBepCTHH 
onpepejnnoT  H3  (jDOpMyjibi 

D  =  p  •  (o^2gz  ,  (3.33) 

rpe  p  -  K03(J)(J)Hu,HeHT  pacxopa,  npHHHMaeMbin  b  npepejiax  0,4-0, 6;  co  -  njio- 
mapb  nonepenHoro  ceneHna  TpyObi;  z  -  pa3HOCTb  otmctok  ypOBHen  BepxHero  h 
HH>KHero  6becf)OB. 

Ko3(^(|)Hu,HeHT  pacxopa  paccnHTbiBaiOT  no  (J)opMyjie 


rpe  ££  -  cyMMa  K03(J)(J)Hu,HeHT0B  Bcex  mccthbix  conpoTHBJieHHH  no  Tpy6e,  paB- 
II aa  Cbx  +  Cpem  +  CjaT  +  ^bux',  A,  -  K03(j)(J)HU,HeHT  COnpOTHBJieHHH  nO  flJIHHe  TpySbl 
(Ta6ji.  3.4);  R  -  rnppaBJiHHecKHH  papnyc.  Ko3(J)(j)Hu,HeHT  conpOTHBJieHna  npn 
Bxope  b  Tpy6y  ^BX  npHHHMaiOT  npn  ocTpbix  KpOMKax  0,5,  npn  njiaBHOM  Bxope  - 
0,2;  npn  BecbMa  njiaBHOM  Bxope  -  0,05.  Ko3(J)(j)Hu,HeHT  conpOTHBJieHHa  npn 
npoTeKaHHH  bopbi  nepe3  pemeTKy  Q>em  (ot  Mycopa)  cocTaBJiaeT  0,3.  Ko3(j)(j)H- 
pneHT  conpoTHBJieHna  npn  npoTeKaHHH  nepe3  nopmiTbiH  3aTBOp  ^3aT,  npepHa- 
3HaneHHbiH  pjia  nponycxa  bopbi,  paBeH  0,2.  Ko3(f)(f)Hi],HeHT  conpoTHBJieHHa  npn 
Bbixope  nop  ypOBHb  HH>KHero  6becj)a  BbinHCJiaiOT  no  (J)opMyjie 

^=(1-— ),  (3-35) 

co2 

rpe  coi  -  miomapb  rniBoro  ceneHHn  noTOKa  b  Tpy6e;  ©2  -  to  5xe  b  bopoSohhom 
KOJioppe  npn  Bbixope,  co2  =  1,0. 


181 


Ko3(j)(j)Hii,HeHT  conpOTHBueHJM  no  fljiHHe  Tpy6t.i  X  onpe,nenneTcn  no 
Ta6n.  3.4  b  3aBHCHMOCTH  ot  K03(J)(|3Hu,neHTa  mepoxoBaTOCTH  n  =  0,014. 


TaojiHua  3.4 


3Ha»ieHHfl  K03(])(])HnHeHTa  k  /yin  Kpyrjiwx  Tpy6 


d,  m 

Ko3<l)(})HLi,HeHT  mepoxoBaTOCTH  n 

0,01 

0,012 

0,013 

0,014 

0,015 

0,20 

0,021 

0,026 

0,033 

0,039 

0,050 

0,30 

0,019 

0,024 

0,029 

0,035 

0,044 

0,40 

0,017 

0,022 

0,026 

0,033 

0,039 

0,50 

0,016 

0,020 

0,025 

0,030 

0,036 

0,60 

0,016 

0,019 

0,024 

0,028 

0,034 

0,70 

0,015 

0,019 

0,023 

0,027 

0,032 

0,80 

0,015 

0,018 

0,022 

0,026 

0,031 

0,90 

0,014 

0,017 

0,021 

0,025 

0,029 

1,00 

0,013 

0,017 

0,020 

0,023 

0,028 

1,20 

0,013 

0,016 

0,019 

0,022 

0,026 

1,50 

0,012 

0,015 

0,018 

0,021 

0,025 

2,00 

0,011 

0,014 

0,016 

0,019 

0,022 

2,50 

0,011 

0,013 

0,015 

0,018 

0,021 

3,00 

0,010 

0,012 

0,014 

0,017 

0,020 

nP  h  m  e  p  4.  3anpoeKTHpOBaTt  BO^OBbinycx  ,nnn  nponycxa  boabi  b  Ka- 
Han.  PacneTHtin  pacxo^  Q  —  2,0  m  /c.  3T0My  pacxo^y  b  xaHane  cooTBeTCTByeT 
my6iina  h  =  0,95  m.  Cpennnn  mnpnHa  Kan  an  a  bcp  =  1,9  m,  OTMemca  nna  69,97  m. 
Tpy6a  coctoht  H3  AByx  ynacTxoB:  l\  =  8,0  m  h  /2  =  28,0  m.  B  xcrape  TpySbi 
^nn  ycnoKoeHnn  noTOxa  ycTpoeH  boaoSohhbih  xonofleu,  rnySnHon  d  =  0,3  m 
h  ^nnHon  /K0JI  =  4,5  m.  OTMeTKa  HH30Boro  naBO^xoBoro  ypOBHn  75,0  m 
(cm.  pnc.  3.28,  e). 

P  e  m  e  h  n  e.  rnflpaBnnnecKHH  pacneT  BO^OBBinycxa  CBO^HTcn  k  onpe- 
^eneHHio  pa3MepOB  TpySbi  n  ycnoBnn  conpnnceHHn  6be(f)OB. 

PaccMaTpnBaeM  paSoTy  BO^OBbinycxa  npn  MHHHManBHOM  ypOBHe. 

Pa3MepBi  TpySti  onpe^enneM  H3  ycnoBnn  nponycxa  3aflaHHoro  pacxo^a 
npn  MHHHManBHOM  ypOBHe  boabi  b  BOflOxpaHHnHme,  6nH3X0M  x  ypOBHK)  MepT- 
Boro  oSbeMa.  B  stom  cnynae  ^BH>xeHHe  boabi  nepe3  BO^OBBinycx  npOHCxo^HT 
xax  b  6e3HanopHoii  Tpy6e  h  pacxofl  paccnHTBiBaeM  no  (jiopMyne 

Q  =  s-  (p  •  b-  h  J 2gz0 ,  (3.36) 

r^e  8  -  xo3(j)(j)Hu,HCHT  SoxoBoro  oxaran,  8  =  0,8-0,95;  (p  -  xo3(|)(j)Hu,HeHT  cxo- 
pocTH,  (p  =  0, 8-1,0;  b  -  HinpHHa  TpySbi;  h  -  rnyOnHa  boabi  b  Tpy6e,  npHHHMae- 
Man  npn6nH>xeHHO  paBHoii  rnySnHe  boabi  b  otboamhcm  xaHane;  g  =  9,81  m/c“; 
z0  -  noTepH  Hanopa  b  Tpy6e  BO^OBBinycxa,  z0  =  0,1-0,25  m. 
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BbicoTy  TpySti  naananaeM  hw  =  1,4  m  -  MHHHMajiBHyio  no  ycjiOBmiM 
npoxo^a  npn  ocMOTpax  n  peMOHTe.  npn  stoh  bbicotc  ,nBH>xeHHe  boabi  Sy^eT 
6e3HanopHBiM,  Tax  xax  rjiySnHa  boabi  b  Tpy6e,  npnHHMaeMaa  npnMepHO  paB- 
hoh  rnySnHe  b  xaHane,  h  =  0,95  <  hw  =  1,4  m. 

Ha  cboSo^hoh  noBepxHOCTH  BOflBi  o6pa3yK)Tca  Tpn  nepena^a  (zh  z2,  z3 ), 
Bbipa^xaioinne  rnflpaBJiHHecxne  noTepn  npn  Bxo^e  b  Tpy6y  b  Hanajie,  npn  bxo- 
b  Tpy6y  b  OaniHe  n  npn  Bxo^e  boabi  b  xaHan  3a  cneT  mccthbix  conpoTHBJie- 
hhh  no  fljiHHe  TpySbi. 

3Haa  SbiTOByK)  rnyOnHy  b  xaHane  h  =  0,95  m  npn  pacxo^e  ^  =  2m/ch 
ninpnHy  xaHana  bcp  =  1,9  m,  Han^eM  nepena^  z3  H3  ypaBHeHna  (3.36). 

npnHaB  3HaneHna  (p  =  0,95  n  g  =  0,9  n  no/jCTaBnB  3HaneHna  BejinnnH  b 
(j)OpMyjiy,  nonynHM 

2,0  =  0,9  •  0,95  •  1,9  •  0,95  p-9,8lzm  , 

2,0  =  0,9  •  0,95  •  1,9  •  0,95  •  4,43  , 

^  =  2  /  6,83  =  0,293  (0,2932  =  0,086), 
zo3=  0,086  m. 

CxopocTB  npoxo^a  npn6jin3HTejiBHO  paBHa 

u03  =  Q  /  bcp  (h  +  d)  =  2  /  1 ,9  (0,95  +  0,3)  =  0,84  m/c, 

CKOpOCTHOH  Hanop  - 

d04/2 g  =  0,84/19,62  =  0,043  m. 

CneflOBaTenBHO, 

z3  =  z04-  (n04  /  2 g)  =  0,086  -  0,043  =  0,043  m, 

Toryia  rnySnHa  boabi  b  Tpy6e 

h3  =  0,95  +  0,043  ~  1,0  m. 

npHHaB  ninpnHy  npaMoyrojiBHon  TpyObi  6  =  1,5  m,  onpenenHM  yKJiOH 
Tpy6bi  n3  (j)opMyjiBi  paBHOMepHoro  flBHJxeHmi: 

4i=QlaC4R,  (3.37) 

r^e  co  -  rnioma^B  jxnBoro  ceneHna  noTOxa;  C  -  xo3(J)(J)Hu,neHT  HIe3n;  R  -  rn^- 
paBJinnecxnn  pa^nyc. 

PaccwraeM  co  n  R: 

co  =  b  •  h3  =  1,5  •  1,0  =  1,5  m2,  R  =  co  /  x,  X=  b  +  2h  =  1,5  +  2  •  1=3,5  m. 

CneflOBaTenBHO,  rnflpaBJinnecxHH  pa^nyc  R  =  1,5  /  3,5  =  0,43  m. 

npn  xo3(|)(j)Hu,neHTe  mepoxoBaTOCTH  SeTOHHon  TpySxi  0,012-0,015  npn- 
HHMaeM  n  =  0,014  n  HaxoflHM  no  Ta6n.  3.3  xo3(f)c])ni],HeHT  HIe3n  C  =  62,6. 
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IIoflCTaBHB  nojiyneHHBie  3HaHeHH5i  co,  C  h  R  b  (j)opMyjiy  (3.37),  onpe^e- 

naeM  yKJiOH  TpySti: 

V/  =  2/1,5  •  62,6  V^43=  0,033,/ =  0,0011, 

Toryia  noTepH  no  fljiHHe  cocTaBOT  A  =  z  •  1  =  0,001 1  •  36  =  0,04  m. 

ITepena^  Z2  npn  Bxo^e  noTOKa  b  Tpy6y  b  6aniHe  mo>xho  onpe^ejinTB  aHa- 
jiornnHBiM  nyTeM,  ho,  ynnTBiBaa  He3HanHTejiBHOCTB  sthx  BejinnnH,  npnHHMaeM 
z2  =  z3  =  0,04  m,  Tor^a  rnyOnHa  boabi  b  Tpy6e  SyzjeT  h2  =  1 ,0  +  0,04  =  1 ,04  m. 

Tax>xe  HaxoflHM  zh  ho  3^ecb  mnpHHy  no^xo^Horo  noTOxa  cwraeM 
b  =  1,5  +  0,25  =  1,75  m,  t.  e.  k  HiHpHHe  TpySxi  npHSaBJiaeM  TOJimHHy  ctchxh 
TpyObi.  Tor^a  comacHO  (J)opMyjie  (3.35)  onpeflejiaeM  z0i: 

2,0  =  0,9  •  0,95  •  1,75  •  1,04  •  4,43  ^ , 

=  2  /  6,88  =  0,29, 

z0 1  =  0,08  m. 

CxopocTB  no^xo^a  noTOxa  H3  BO,noxpaHHJiHma  k  OTBepCTHK)  Tpy6bi  Ma- 
Jia,  h  ee  bjih^hhcm  mojxho  npeHeSpent.,  Tor^a  zoi  =  z\  h  rjiySnHa  npn  Bxo^e  6y- 
#eT  h\-  h2+  z\  =  1,04  +  0,08  =  1,12  m. 

OOmne  noTepH  Hanopa  cocTaB^T  z  =  /zi-/z  +  A  =  1,12  -  0,95  +  0,001 1  ■  36  = 
=  0,21  m,  hto  MeHBHie  ^onycTHMoro  0,25  m. 

B  pe3yjiBTaTe  pacneTa  HMeeM  cjie^yiomHe  OTMeTxn:  OTMeTxa  ypOBmi  bo- 
Abi  b  xaHajie  69,97  +  0,95  =  70,92  m;  OTMeTxa  nopora  Tpy6bi  b  Saurne  69,97  + 
+  0,0011  •  28  =  70,0  m;  OTMeTxa  nopora  b  Hanajie  Tpy6i>i  69,97  +  0,0011  •  36  = 
=  70,01  m;  OTMeTxa  MHHHMajiBHoro  ypOBmi  cpaSoTXH  70,01  +  1,12  =  71,13  m. 
OnpeflejiaeM  HCTeneHne  H3-nofl  mHTa  (3aTBOpa). 

B  Tex  cjiynaax,  xor^a  ypOBHH  boabi  b  BOflOxpaHHJiHme  6jih3xh  x  Hliy, 
BO^a  nepe3  Tpy6y  BO^OBBinycxa  nponycxaeTCfl  H3-nofl  mma. 

HeoSxoflHMO  onpeflejiHTB,  Ha  xaxyK)  BBicoTy  h ^  Hy>xHO  noflroiTB  3aTBOp, 
hto6bi  nponycxaTB  pacxo^  Q  =  2,0  m3/c  npn  OTMeTxe  ypOBmi  boabi  BO^oxpaHH- 
jinma  75,0  (Hny). 

Bbicory  noanaTHH  3aTBOpa  i ianaeM  H3  ypaBiiemia  MCTewenMJi  H3-noa  uiiiTa: 

Q  =  e  •  (p  •  a  •  b  •  An,  ^2g(H0  -a/z^) ,  (3.38) 

r^e  s  -  xo3(J)(J)Hu,HeHT  SoxoBoro  axaTmi,  8  =  0,95;  (p  -  xo3(J)(j)Hu,HeHT  cxopocTH 
npn  OTcyTCTBHH  nopora,  (p  =  1,0;  a  -  xo3(f)(j)Hii,HeHT  BepTHxajiBHoro  c>xaTH5i, 
Ana  Harnero  cjiynaa  a  =  0,615;  H0  =  H—  75,0  -  70,0  =  5,0  m;  b  =  1,5  m. 

nOHCTaBHHH  311836111151  BCJ1HHHH,  nOJiyHHM 

2,0  =  0,95  •  1,0  •  0,615  •  1,5  •  4,43  ^5-0,615/^  , 

0,515  =  /jm  ^5-0,615 hm  . 


184 


Pemaa  sto  ypaBHeHne  no^SopOM,  HaxoflHM  hm~  0,24.  r.ny6HHa  b  oxaTOM 
ceneHHH  3a  ihhtom  hCM  =  0,615  •  0,24  =  0,147  m.  Ckopoctb  b  stom  ceneHnn 
dC5K  =  Q  /  b  ■  hm  =  2,0  /  1,5  •  0,24  =  5,5  m/c,  hto  MeHbine  i)flon  =  12,5  m/c  6e- 
TOHa  KJiacca  B10. 

BBMCHeHHM  yCJIOBHH  COnpfl>XeHmi  IIOTOKa  B  Tpy6e  C  HH5XHHM  6be- 
(J)om  Ha^o  3HaTB  rnySHHy  n  ckopoctb  npH  BBixo^e  H3  TpySti.  3a  ihhtom  cbo- 
So^Haa  noBepxHOCTB  noTOxa  b  Tpy6e  SyzjeT  hmctb  bh^  xpHBoii  no^nopa,  Tax 
xax  rnySHHa  6yp,eT  yBejiHHHBaTboi  ot  hCM  go  A2  b  xoHpe  TpySbi. 

rnySHHy  h-±  onpe^ejiHM  no  ypaBHeHmo  HepaBHOMepHoro  flBHaceHHa: 

Y~  =  Tl2  — Til  —  (1  -j)  [(p(p2)  —  cp  (Til)],  (3.39) 

K 

pzje  p  -  OTHOCHTejibHaa  rjiySnHa. 

TnySHHa  paBHOMepHoro  flBroxeHmi  b  Tpy6e  npn  Q  =  2,0  m  / c,  i  =  0,0011 
n  n  =  0,014  SypeT  h0=  1,0  m.  TnyGHHa  h\  =  hcm  =  0,147  m;  OTHOCHTejibHaa  rny- 
6nHa  pi  =  h\  /  /z0  =  0,147  /  1  =  0,147.  npn  Taxnx  Mantix  3HaHemnix  othoch- 
TejiBHBix  rnySnH  p  =  cp  (p)  ypaBHeHne  ynpomaeTCtf,  npHHHMaa  bh^ 

f=y  0i2-m).  (3.40) 

K 

2 

BejiHHHHy  rpanneiiTa  j  =  i  C~b!g  y  Hy>xHO  onpeaeaHTb  npn  cpeaunx  3Ha- 
neHH^x  C  n  y. 

ITpHMeM  hcp  =  0,2  m;  cocp=  1,5  •  0,2  =  60,3  m2;  y  =  1,5  +  2  •  0,2  =  1,9  m;  Rcp 
=  0,158;  Ccp  =  53,3  (cm.  Ta6ji.  3.3).  IIoflCTaBjnni  3HaneHHa  bcjihhhh,  HMeeM 

7  =  0,0011  •  53, 32-  1,5  /9,81  •  1,9  =  4,65/  18,6  =  0,25. 

HaxoflHM  p2  H3  ypaBHeHne  (3.40)  npn  L  =  /?  =  28  m: 

0,001 1  •  28  /  1,0  =  0,25  (p2  -  0,147), 

0,125  =  p2-  0,147, 

p2=  0,125  +  0,147  =  0,27, 

hi  =  p2 '  h0  =  0,27  *1,0  =  0,27  m, 

hcp=  (hx  +  h2)  1 2  =  (0,147  +  0,27)  /  2  ~  0,2  m, 

hto  nojiHOCTBK)  coBna^aeT  c  npnmiTOH. 

OnpeflemieM  conpa>xeHHe  6te(J)OB. 

npOBepxn  aaTomeinui  nptDxxa  BbimicaHCM  rjiySnny,  conpH/xemiyio 
c  raySnHon  b  xoHpe  TpyObi  hi  =  0,27  m  npn  y^ejibHOM  pacxo^e  Q  =  Q  /  b  = 
=  2,0  / 1,5  =  1,33  m3/c  Ha  1  m: 

h2"=h2l 2  []l  +  8q2 / ghl -l\,  (3.41) 
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h2"=  0,27  /  2 


1  +  8-1,33  /9,81-0,273  -1 


=  1,02  m. 


B  bo,ho6ohhom  KOJiOfliie  rnySHHa  paBHa  6bitoboh  rnySime  b  KaHane 
h  =  0,95  m  n+KDC  rnySHHa  xoaonpa  d  =  0,3  m,  t.  e.  hKOR  =  1,25  m;  npBDKOK  b  ko- 
Jioflpe  3aTan+HBaeTca,  Taic  KaK  1,25  >  1,02  m. 

,Z],jiHHy  BO/io6oHHoro  KOJiOflpa  mo>kho  onpeneaHTb  no  (J)opMyjie  [4] 


T^kott  /or  1] 


np? 


(3-42) 


rne  /0T  -  ^ajiBHOCTB  OTJieTa  CTpyn,  paBHaa  0,43n2  dd  ;  n2  -  roprooHTaabHaa  cko- 
pocTB  cxona  CTpyn,  paBHaa  Q  /  co2  =  2  •  0,27  •  1,5  =  4,95  m/c;  d  -  rnyOnHa  ko- 
aonpa,  paBHaa  0,3  m; 

/0T=  0,43  -4,95  V03  =  1,1  m. 


OnpepejweM  nanny  npBDKKa: 


/np=  3,2  •  h2"  =  3,2  •  1,02  =  3,26  m, 
Torna  nJiHHa  xoaonpa  paBHa  /KOJI  =  1,1  +  3,26  =  4,36  m  ~  4,5  m. 


2.3.  rHapaBJiHHecKHH  pacneT 
conparaiomero  coopyjKeHHH 

npoeKTHpOBaHne  conparaiomero  coopyaceHHa  no  Tpacce  xaHana  b  Bnne 
onHOCTyneH+aToro  nepenana  BKmonaeT  rnnpaBannecKHH  pacneT  Bxona,  bbi- 
xonHon  nacra,  t.  e.  conpaaceHHe  c  hhjkhhm  6t.e(j)OM,  CTaTnnecKnn  n  (J)naBTpa- 
pnoHHbin  pacneTbi  (pnc.  3.37)  [4]. 

nP  h  m  e  p  5.  Pacc+HTaTB  onHOCTyneHnaTBin  SeTOHHBin  nepenan  npa- 
MoyroaBHoro  ceneHna  Ha  opocHTeabHOM  xaHaae  npn  caenyiomHx  hcxoahlix 
naHHBix:  raySnHa  b  noneonameM  Kamae  H—  1,7  m,  raySnHa  b  OTBonameM  xa- 
Haae,  t.  e.  ObiTOBaa  raySnHa  h5  =  H  —  1,7  m;  MaxcHMaabHbiH  pacxon  bo,o,m  no 
xaHaay  Q  =  5,0  m3/c,  pa3HOCTb  ypOBHen  boam  BepxHero  n  HnacHero  xaHaaoB 
z  =  1,04  m,  mnpnHa  xaHaaa  noHH3y  bKaH  =  2,0  m,  otkocbi  xaHaaa  m  =  1,0.  Pnc- 
6epMa  H3  xaMHen  do  =  0, 1 5  m. 

P  e  ui  e  h  n  e.  1.  PacneT  Bxona  b  naHHOM  caynae  coctoht  b  onpeneaeHnn 
mnpHHbi  b  H3  (j)OpMyabi 

Q  =  m-b-  H0  ^2gH0  , 

rne  m  -  K03(J)(})Hu,neHT  pacxona  c  mnpoKHM  noporoM,  m  =  0,35;  Ho  -  raySnHa 
Bonti  Ha  Bxone  c  yneTOM  bbicotbi  HaroHa  h  ee  cxopocTH  TeneHHa, 

H0  =  H+  <xi)02  /  2 g. 

CxopocTb  TeneHHa  Ha  Bxone  c  yneTOM  pacxona  Q  h  bKaH  6yneT  paBHa 
x>0  =  Q  /  (D  =  5,0  /  (2  +  1  •  1,7)  •  1,7  =  0,8  m/c. 
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Toraai70=  1,7  +  1,1  •  0,82  /  19,62  =  1,73  m. 
IIlHpHHa  npaMoyrouBHoro  Bxoaa  6yaeT  paBHa 


b  =  5,0  /  0,35  •  1,73  •  4,43  =  1,42  m. 

yss 


Phc.  3.37.  Oanociyiicimai  biH  ncpcnaa:  a  -  npoaojibiibin  pa3pe3; 
6  -  naaH;  e  -  Komyp  noanopnoH  ctciikm 


Ha3Hanaa  rayOnHy  BoaoSonHoro  mnoapa  d  =  0,5  m,  nojiynnM  o6myio 
BbicoTy  naaeHna  CTpyn  Ha  nepenaae  p  —  z  +  d  —  1,04  +  0,5  =  1,54  m,  c  noMO- 
hibk)  KOTOpoii  onpeaejiaeM  noaOopoM  BejinnnHy  cacaron  rayon  iibi  H3  (J)opMyjibi 

q  =  <p-  K  pg(p  +  H0-hc),  (3.43) 

rae  cp  -  K03(j)(|)imiieHT  CKOpocra,  (p  =  0,95; 

q  =  Q/b  =  5/ 1,42  =  3,52  m3/c. 

IToacTaBaaa  H3BecTHbie  BeannHHbi  b  (J)opMyay  (3.43)  h  pernaa  KyOnne- 
CKoe  ypaBHeHHe  (cm.  Bbirne),  b  pe3yjibTaTe  noaOopa  ySeacaaeMca,  hto  hc  =  0,52  m. 
2.  Onpeaeaaeivi  BTOpyio  conpaaceHHyio  rayOnny  /z2. 

,Z],aa  HaxoacaeHna  hc",  cooTBeTCTByiomeH  hc,  HeoSxoanMO  BHanaae  pac- 
CHHTaTb  KpuTHwecKyio  rayOnny  hKp  no  (f)opMyjie  ana  upaMoyroabiioro  ceneHna 

/^Kp  ljaq2/g  =  VU-3,522/9,81  =  1,11  m 

h  no  rpacj)HKy  ana  conpaaceHHbix  rnyOini  npaMoyroabHoro  ceneHna,  noacnnTaB 
npeaeapHTeabHO  8 c  =  /zc  /  hKp  =  0,52  /  1,11  =  0,47  n  onpeaennB  sc"  =  1,8,  hto 
aaeT  BeannnHy  conpaaceHHon  rnySnHbi  hc"  =  8  •  =  1,8  •  1,1  =  1,99  m  [13]. 


187 


3.  ITpeflBapHTejiBHO  Ha3HaneHHyK)  rnyOnHy  BoaoSonHoro  xonoapa  pac- 
CHHTaeM  no  (J)opMyjie 

K/,  =  (h&+  d)  /  h2>  1,1 — 1,3, 

OTKyaa 

d  =  Kh-  h2-h5=\,\  •  1,99-1,7  =  0,49  m, 

t.  e.  rnyOnHa  BoaoSonHoro  xonoapa  npe^BapHTejiBHO  Smia  npnmrra  npeaeJiB- 
HO  flOnyCTHMOH. 

4.  ^jiHHy  BoaoooHiioro  xonoapa  (cm.  pnc.  3.37)  onpeaenaeM  no  (J)opMyjie 

T^koji  4>t  4ip  4jan,  (3.44) 

rae  /0T  -  annua  OTJieTa  CTpyn,  /0T  =  2  ^jhKp(p  +  0,3 5/\.p )  =  2  ^1,1 1(1,54+0,35 1,1 1)  = 

=  2,8  m;  lup  -  a-JiHHa  npBDxxa,  /np  =  4,3  •  h2  -  4,3  •  1,99  =  8,4  m;  /3an  -  aanHa  3a- 
naca,  /3an  =  (1-3)  h6  =  h5=  1,7  m. 

OTKyaa  aJiHHa  BoaoSoilHoro  xonoapa 

ZK0JI  2,8  +  8,4  +  1,7  =  12,9  =  13  m. 

5.  CTaTHCTnnecKnn  pacneT  BBinojimieM  aan  CTeHxn  naaeHna,  xoTOpan 
HaxoanTcn  b  ycnoBnnx,  6jih3khx  k  o6oco6jieHHon  ee  paSoTe,  Tax  xax  OHa  mo- 
>xeT  6bitb  OTpe3aHa  niBaMH  ot  Soxobbix  npoaoJiBHBix  ctch  n  nunT,  no3TOMy  ee 
paccnnTBiBaeM  xax  oOBinHyio  noanopHyio  CTeHxy.  3jieMeHTBi  xoHCTpyxu,HH  ne- 
penaaa  noxa3aHBi  Ha  pnc.  3.37. 
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P  a  3  a  e  Ji  4 


KAHAJIBI 

H  rH^POTEXHHHECKHE 
COOPY^CEHIM  HA  HHX 


r  ji  a  b  a  1 

PYCJIOBMH IIPOIJECC  H  Ero  PEryjIHPOBAHHE 


ITofl  pycjioebiM  npouteccoM  npHHSTO  noHHMaTB  o6hihphbih  Kpyr  nBne- 
hhh,  oS'LeflHH^KDmHx  co3flamie  h  nocne/iyiomHe  nepecjDopMHpoBamni  ecTecT- 
BeHHBix  pycen  h  noiiM  6e3  ^eHCTBHn  TeKymeii  boabi.  He^oyneT  pycnoBBix  ^e- 
(J)opMau,HH  npH  rHflpOTexHHnecKOM  CTpOHTejiBCTBe  Be^eT  k  pe3KOMy  coKpame- 
HHK)  CpOKOB  6e3aBapHHHOH  3KCnJiyaTaU,HH  COOpy>KeHHH. 

PycnoBbie  h  noiiMeHHBie  ^e(j)opMau,HH  no,npa3£ennK>T  Ha  ^Ba  rana  [7]. 
Heo6pamuMbie  ^e(})opMau,HH  nBnniOTcn  OflHOHanpaBneHHBiMH,  Me^neHHO  pa3- 
BHBaKDHIHMHCM  H  Tpy^HO  yjIOBHMBIMH,  npeflCTaBJl^KDT  COSOH  BCKOBOe  pa3BHTHe 
peKH.  OdpamuMbie  3HaKonepeMeHHBie  ^e(j)opMau,HH  OTHOcnTcn  k  6BiCTpOTeicy- 
ihhm  h  jierKO  oSHapyjKHBaeMbiM.  Ohh  HenocpeflCTBeHHO  CBn3aHBi  c  TpaHcnop- 
THpOBaHHeM  HaHOCOB,  ocymecTBJiaeMBiM  nyreM  hx  n e p  eoTKn an  bi b  a  ii  m  it 


1.1.  OcHOBHbie  ceeaeHHH  0  (jjopMHpoBamiii  pyceji  peK 

B  npaKTHKe  npiinaTO  Ha3BiBaTB  TpH  rjiaBHBie  (J)opMBi  pemibix  pycen  [8]: 

•  npflMOJiHHeiiHBie  hjih  cna6o  H3orHyTBie  OflHOpyicaBHBie  pycna,  MaccH- 
bbi  HaHOCOB  (noSoHHBie)  pacnonaraiOTCfl  b  maxMaTHOM  nopnflice,  t.  e.  noone- 
pe^HO,  to  y  JieBoro,  to  y  npaBoro  6epera; 

•  H3BHTBie,  hjih  MeaH^pHpyiomHe; 

•  pa3BeTBJieHHBie  pycna. 

OcooennocTB  Meaiidpupywin ux  pycen  -  upouecc  pasBHTiia  h  OTMHpaHHn 
H3nynHH  MenceHHoro  pycna.  Ohh  6BiBaiOT  ceododnozo  Meandpupoeanun,  xor^a 
npouecc  pa3Bimui  H3nywHn,  hx  npopBiBa  h  cripHMneniHi  pycna  nponcxonuT  b 
HIHpOKOH  peHHOH  flOnHHe  H  npOTCKaeT  flOCTaTOHHO  SblCTpO  BO  BpeMeHH;  He3a- 
eepiueHHOzo  MecmdpupoecmuR ,  xor^a  yKa3aHHBin  npopecc  npoTeicaeT  Me^neH- 
Hee  h  H3nynHHa  pycna  MonceT  3aroiTB  CBoe  npe^enBHoe  nononceHHe  (b  BH^e 
neTnn)  BecBMa  penKo;  ozpaHimeuuozo  MecmdpupoecmuK  -  b  y3KHx  nonunax,  ko- 
r^a  npopBiBa  neTenB  (ronynHH)  He  npOHCxo^HT. 
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Cpe^H  pa3eemejieHHbix  pycen  OTMeaaiOTca  flBe  pa3HOBHa,HOCTH:  nou- 
MeHHan  h  pycnoean  MHOzopyKaeuocmb.  IlepBaa  B03HHxaeT  BcaeacTBiie  pacaae- 
HeHna  noiiMBi.  IIpH  HanHHHH  ninpoxoro  Me>KeHHoro  pycna  c  ocTpOBaMH  h  oce- 
pe^KaMH  a  k  Ky  m  y  a  jit  h  b  n  o  ro  npoMCxo/xaeiiiia  (})opMnpyeTCH  pycaoBaa  MHoropy- 
KaBHOCTB  OCTpOBHOrO  H3H  OCepe^KOBOrO  nOflBHfla. 

Oco6bih  HHTepec  npeacTaBaaeT  co6oh  penuan  nouMa  (aacia,  ana  aoan- 
hbi,  npuMbixaiomaa  k  pen i io My  pycay  h  saTananBaeMaa  noatiMH  BoaaMM), 
(J)opMHpyeMaa  noa  BanaHHeM  naaHOBBix  nepeMemeHHH  pycaa.  B  noTOKe  cyme- 
CTByKDT  flBe  KaaecTBeHHO  pa3anaHbie  (j)opMBi  aBHaceHHa  HaHOCOB.  Boaee  xpyn- 
HBie  h  Taaceatie  aacTHpbi  ( donnue  nanocbi )  nepeMemaiOTca  no  any  b  BHae  rpaa 
b  pe3yaBTaTe  nepexaTbreaHHa  nan  nepeSpacbreaHHa  noa  ^encTBHeM  rnapoaii- 
HaMnnecKHx  cna,  npoaBaaiomHxca  b  npnpoflHOM  caoe.  MeaKne  aacTHpbi 
( 63eeweHHbie  Hcmocbi)  HaxoflaTca  b  noTOxe  Ha  pa3HHHHbix  ypOBHax  n  b  tbkom 
cocToaHHH  MoryT  no  choxhbim  h3bhhhctbim,  HenpaMtiM  TpaexTOpHaM  nepeHO- 
CHTBca  Ha  Soabrnne  paccToaHHa.  Ohh  nan  CMeniHBaiOTca  c  /iohhbimh  HaHOca- 
mh,  nan  oceaaiOT  Ha  ano  b  oSaacTax  caaSbix  TeaeHHH  h  3acT0HHbix  30Hax. 

K  HCTOHHHKaM  o6pa30BaHHa  HaHOCOB  b  peicax  mo>kho  othccth  eodnyw 
3po3uw.  Pa3HHHaiOT  aea  ee  BHaa: 

•  CKjioHoecw  (BHepycaoBaa  BO^Haa  3p03Ha  Ha  BoaocSopHoil  noBepxHO- 
cth),  KOTOpaa,  b  cbokd  oaepeat,  aeaHTca  Ha  psa  noaBHaa  -  naocxocTHoii  cmbib 

H  aHHCHHyK)  3p03HK); 

•  pycjioecw,  npii  xoTOpoii  HaHOCbi  nocTynaiOT  b  pycao  pexn  b  pe3yabTaTe 
pycaoBon  ^eaTeabHOCTH  noTOKa  (pa3MbiBbi  SeperoB  h  ana  pycaa,  oSpymeHHe 
SeperoB  npn  hx  noaMbree,  pa3MbiBbi  noBepxHOCTH  noHMbi  h  t.  n.). 

OTaoaceHHa  HaHOCOB  h  aBHacymneca  HaHOCbi  oSbihho  npeacTaBaaiOT  co- 
6oh  CMecn  aacTHu,  pa3Horo  pa3Mepa.  Coaepacamie  aacTHu,  pa3aHaH0H  xpynHO- 
cth  b  ^aHHOH  Macce  xapaKTepH3yeTca  ee  xpHBoii  rpaHyaoMeTpHaecKoro  co- 
CTaBa. 

Bo3fleiiCTBHe  B3BemeHHbix  HaHOCOB  Ha  pycaoBbie  ^e(J)opMau,HH  npaxTH- 
aecKH  HeyaoBHMO,  oaHaxo  BanaHne  sthx  HaHOCOB  Ha  ae(J)opMaii,HH  noHMbi  or- 
pOMHO. 

IIpH  (J)opMHpOBaHHH  pycaa  pexn  BaacHyio  poab  nrpaeT  Haanane  HaHOCOB, 
nepeMemaiomHxca  b  noTOxe  bo  B3BemeHH0M  cocToaHHH  h  BaeKOMbix  no  any. 
IIpH  3tom  cnocoSHOCTb  noTOKa  nepeMenjaTb  HaHOCbi,  npOH3BoanTb  pa3MbiBbi  h 
OTaoaceHHa  HaHOCOB  b  pycaax  HenpepbiBHO  MeHaeTca  b  3aBHCHM0CTH  ot  pacxo- 
aa  pexn,  xoanaecTBa  HaHOCOB,  BbicoTHO-naaHOBoro  pa3MemeHHa  pycaa  h  Mop- 
(J)oaornaecxoro  cocTaBa  pycaa  h  SeperoB.  IIpH  pemeHHH  BonpocoB  ycTponcTBa 
BoaosaSopiibix  h  pycao pe rya m  py  lh  m  x  coopy'/xemiii  neoSxoaHMO  H3yaHTb  pu- 
HaMHxy  pycaoBbix  npopeccoB  h  aBHaceHHa  HaHOCOB  pirn  pa3pa6oTXH  npneMOB, 
no3BoaaK)HiHx  peryanpOBaTb  3th  npopeccbi  [19]. 

TBepatie  aacrapbi  b  TypSyaeHTHOM  noTOxe  HenpepbiBHO  nepeMeniHBa- 
KiTca  BOCxoaaniHMH  BHxpaMH,  BoaoBOpOTaMH,  nyabcapneH  cxopocTeii,  none- 
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peHHLIMH  TeneHHflMH  H  flp.  HaCTHU,bI  HaHOCOB  nOflHHMaiOTCa  BBepX  CO  B3Be- 
uiHBaiomeH  ckopoctbio,  SojibineH,  HeM  rH,npaBJiHHecxaa  KpynHOCTB  stoh  nac- 
THpbi.  B  npoTHBHOM  cjiynae  OHa  iianneT  onycxaTbca  bhio. 

IToa  zudpaejiunecKou  KpynHocmbto  noHHMaeTca  CKOpocTb  HecTecHeHHoro 
paBHOMepHoro  na^eHHa  3epeH  b  CToameii  BO^e.  OHa  3aBHCHT  ot  pa3MepoB  nac- 
THH,,  nJlOTHOCTH,  oSbCMa,  MyTHOCTH  H  flp. 

CTeneHb  Hacbimemia  noTOKa  HaHOcaMH  Ha3biBaeTca  Mynmocmbio. 
npO^OJIbHblH  npO(j3HJlb  peHHOH  flOJIHHbl  HMeeT  BHfl  nJiaBHOH  KpHBOH, 
yKJiOH  KOTopofi  yMeHbmaeTca  bhii3  no  TeneHHio.  IIo3TOMy,  cooTBeTCTBeHHO, 
ySbiBaeT  cpe^Haa  CKOpocTb  TeneHHa  h  ^naMeTp  nepeHOCHMbix  pexoil  HaHOCOB 
(pnc.  4.1). 


Phc.  4. 1 .  TmiHHHbie  npotJauiH  peicm  A  -  A  -  b  BepxHeM  TeaeHHH;  B  -  B  -  b  cpeaHeM 
TeneHHH;  B  -  B  -  b  HH>KHeM  tcmciimh  h  acjib  i  ax  peic;  1  -  noiiMa;  2  -  oniO/Kcnna  HaHOCOB 


B  BepxHeM  TeneHHH,  r^e  yKJiOH  h  ckopocth  HanSojibuiHe,  npeoSaa/iaeT 
rjiySnHHaa  3p03na  (pa3MbiB);  b  cpe^HeM  TeneHini  -  b  ochobhom  SoxoBaa  3po- 
3na;  b  HH5KHeM  -  OTJioaceHHe  HaHOCOB. 

IIpHHHHaMH  Sokoboh  3p03iin  aBjiaiOTca  nonepemiaa  HupxynaHna,  uen- 
TpoSeacHbie  chjtbi,  B03HHxaioiHHe  Ha  H3rn6ax  pycua,  ^eHCTBHe  kophojihcoboh 
chum,  CBa3aHHOH  c  BpameHHeM  3eMHoro  rnapa  h  ,np. 

ITonepenHaa  u,Hpxyjiaii,Ha  -  o^Ha  H3  BaacHbix  ocoSchhoctch  pycnoBoro 
noTOKa.  OHa  HaSaro^aeTca  xax  Ha  xpHBOJiHHeifflbix,  Tax  h  Ha  npaMOJiHHeHHbix 
ynacTxax  pycaa. 

Ha  KpHBOJiHHeiiHOM  ynacTxe  (pnc.  4.2)  peHTpoSeacHbiMH  CHJiaMH  k  H30- 
rayTOMy  6epery  6oaee  3HeprHHHO  OTSpacbiBaeTca  BepxHaa  nacTb  noTOxa, 
HMeiomaa  Sojibinne  cxopocra.  noBepxHOCTb  noTOxa  3^,ecb  noBbimaeTca  h  npn- 
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oSpeTaeT  nonepeHHMH  yKJiOH  k  BBinyKJiOMy  6epery.  BcTpenaa  nperpa/iy  b  BH^e 
koco  pacnonojKeHHoro  6epera,  noBepxHOCTB  CTpyn  OTKJiOHaeTca  h  yxo^HT  Ha 
rjiySHHy,  OTTecroni  k  npoTHBonojiojKHOMy  6epery  npH^OHHyio  nacTB  noTOKa. 
Bo3HHKaeT  nocTynaTejiBHO-BpamaTejibHoe  ^BHJKeHHe  Macc  jkh^kocth,  hjih  no- 
nepenHaa  pHpKyjumHJL  OHa  xapaicrepHa  TeM,  hto  y  Borayroro  6epera  o6pa3y- 
eTca  30Ha,  MeHee  HacBimeHHaa  HaHOcaMH.  Ohh  nacranHO  OTJiaraiOTca  y  bbi- 
nyKJioro  6epera. 


a  6  e  z 


Phc.  4.2.  ^BH/KCiiHe  noTOKa  h  (|)opMnpoBaiinc  pycna  Ha  KpHBOJiHHeHHOM  ynacT- 
Ke:  a  -  .uchctbhc  hciii  po6c/Kiicm  chjibi  Ha  h3i  h6c;  6  -  o6pa30BaHHe  noncpcMiioi  o 
yKJiOHa;  e  -  iioncpcMiiaa  u,HpKyjiau,Ha  h  (J)opMHpoBaHHe  >KHBoro  ccHcnna;  a  - 
aBH>KeHHe  noBepxHOCTHbix  h  jiomibix  CTpyn  Ha  hsi  hSc  pycna;  1  -  OTJio>KeHHe 
HaHOCOB;  2  -  pa3MbiB;  3  -  noBepxHOCTHbie  CTpyn;  4  -  aomibic  CTpyn 


ro  pycna  npn  pciyjiHpoBaunn:  a  -  npo- 
AOJibHbiMH  /laxiSaMH;  6  -  nojiy3anpyaaMH; 
6,2-  KOMSHHHpOBaHHbie 
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^HHaMHnecxaa  ocb  noTOKa  b  h3bhjihctbix  peicax  nepexoAHT  ot  oahoto 
BorayToro  6epera  k  ApyroMy  BorayTOMy.  Tohho  Tax  >xe  noTOK  aohhbix  HaHO- 
cob  nepexoflHT  ot  oahoto  BbinyKJioro  6epera  k  ApyroMy  BbinyKJiOMy  b  bhac 
COCpeflOTOHeHHOH  nOJIOCBI  HaHOCOB,  H  flBHJKeHHe  HX  B  OCHOBHOM  npOHCXOflHT 
BflOJiB  BBinyKJiBix  SeperoB. 

HenpexpamaiomHeca  bo  BpeMeHH  pa3MbiBbi  SeperoB  h  jio>xa  pexn  MoryT 
npHHHHHTB  onpeAeJieHHbiH  BpeA  h  3aTpyAHHTb  HcnojiB30BaHHe  pexn  b  Tex  hjih 
hhbix  pejiax.  C  HOxejiaTejiBHBiMH  MBJieHHMMH  penHBix  noTOKOB  6opK)TC3i  pery- 
jiHpOBaHHeM  pycen.  3aAawa  otoh  6opb6bi  -  npn  noMomH  pasaHHiibix  3amnTHbix 
coopy/KdinH,  He  npexpaipaa  pycjiOBbix  ripoueccoB,  H3MeioiTb  hx  tbxhm  o6pa- 
30M,  HTo6bi  b  pe3yjibTaTe  oopasoBaaocb  h  CTa6HJiH3HpOBajioeb  pycjio  TpeSye- 
mbix  (f)opM  h  pa3Mepa. 

3axpenjnnoT  pycjio  c  riOMOuibio  npoAOJibHbix  Aaivio,  rioaysanpy/i  h  apy- 
thx  coopy>KeHHH,  HanSojiee  npHro^Hbix  b  ^aHHbix  ycjiOBHax  (pnc.  4.3). 


1.2.  Ha3HaneHHe  h  KJiaccn^nKai]MH  KaHajiOB 

Kamuibi  -  OTKpbiTbie  HCKyecTBeHHbie  pycjia,  oSecnenHBaioiHHe  noAany 
BOflbi  ot  HCTOHHHKa  k  HacejieHHbiM  nyHKTaM  fljia  opoLueinni  3eMenb  h  Apyrux 
nyacA. 

IIo  xo33iHCTBeHHOMy  Ha3HaneHHio  xaHajibi  noflpa3^eji^K)T  Ha  opocHTejib- 
Hbie  (MarHCTpajibHbie  h  BHyrpHCHCTeMHbie),  BOAonpOBOAHbie  (ajih  BOAOCHaS- 
ixemia),  oSBO^HHTejibHbie,  cyfloxoflHbie,  OHepreTHnecxHe,  pbiSoBOAHbie  h  jie- 
cocnjiaBHbie. 

Ha3HaneHHe  xamjia  OTpa>xaeTca  Ha  ero  nponycxHoii  enocoSHOCTH,  pa3- 
Mepax,  yxjiOHe,  nonepenHOM  ceneHHH,  cxopocTax  TeneHHa  h  niySHHe  Hanoji- 
HeHH3i.  06bihho  xaHajibi  HMeroT  SojibHiyK)  nponycKHyK)  enoeoSHOCTb  (3a  hc- 
KJlKDHeHHeM  BHyTpHCHCTeMHbIX  OpOCHTeJIbHbIX  H  OCyHIHTeJIbHbIX  XaHaJIOB  [7,  11]. 

1.2.1.  TpaccnpoBaHMe  KaHajiOB 

TpaccHpOBaHHe  xamjia  3aBHCHT  ot  TonorpacjiHHecxHx  h  HroxeHepHO- 
reojiorHHecKHx  ycjiOBHH,  a  Tax>xe  ot  ero  Ha3HaneHHa.  Tpacca  xaHajia  He  aojhx- 
Ha  npoxo^HTb  no  ynacTxaM  c  onoji3HeBbiMH  aBJieHHUMH  hjih  no  CKJiOHaM,  Ha 
KOTOpbIX  B03M05XH0  B03HHKH0BeHHe  OnOJI3HeH  B  pe3yJIbTaTe  (J)HJlbTpaU,HH  H3 
Kanaaa  h  iiohuhthh  ypoBim  rpyHTOBbix  boa,  Tax  xax  yxpenjieHne  Taxnx  cxjio- 
HOB  CBM3aHO  C  SoJIbHIHMH  3aTpaTaMH  H  HH5XeHepHbIMH  TpyAHOCTUMH. 

KaHaji  Ha  ycTOHHHBOM  cxjiOHe  MO>xeT  6bitb  BbinojiHeH  hojihoctbk)  b  bbi- 
eMxe  jih6o  hmctb  CTOpOHy  b  BHAe  3eMJiaHOH  a^mSbi  hjih  SeTOHHOH  ctchxh. 

npn  TpaccHpOBaHHH  xaHajia  no  cxajibHOMy  cxjiOHy  neoSxoAHMO  npeay- 
CMaTpHBaTb  CTeHXH  HaA  xaHajiOM  co  CTOpOHbi  BbimepacnojioxeHHoro  cxjiOHa 
AJia  3aniHTbi  ero  ot  xaMHeii,  ocbinen  h  npOAyKTOB  BbiBeTpHBamia  [7]. 
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OpOCHTeJIBHLie  KaHaJIBI  TpaCCHpyiOT  C  HaHMeHBIIIHMH  flOnyCTHMBIMH  yK- 
noHaMH  a aa  oSecneneHHa  KOMaH^OBaHHa  SouBmeii  naoma^Bio  opomeHHa 
(6jih3ko  k  noaoaceHHio  ropH30HTajieii).  ,Z],aa  caMOTenHOH  no^anH  boabi  Ha  noaa 
ceneHHe  KaHajia  BBinoaHaiOT  b  nojiyHacBinH-nojiyBBieMKe.  XoaocTaa  nacTB  Ma- 
rHCTpajiBHoro  KaHajia  ^oaacHa  6bitb  KaK  mo>kho  Kopone  h  hmctb  yKJiOHBi, 
oSecnenHBaiomHe  bbixoa  paSoneH  nacTH  MarncTpaaBHoro  KaHajia  Ha  KOMaH^- 
HBie  OTMeTKH. 

TpaccHpOBaHHe  ocyniHTejiBHBix  KaHanoB  h  BO^onpHeMHHKOB  (pen,  KaHa- 
jiob),  co6npaK)HiHx  h  OTBoaanTHx  BO^y  c  ocymaeMOH  TeppHTOpHH,  ocymecTB- 
JI3HOT  no  HaHHH3HiHM  OTMeTKaM  MecTHOCTH,  ncicaiOHaa  no,nnop  no  Been  Tpacce 
BO^onpHeMHoro  KaHaaa. 

Ha  nepejiOMax  TpaccBi  b  njiaHe  ynacTKH  KaHaaa  coe^HHaiOT  KpHBoan- 
HenHBiMH  BCTaBKaMH.  Ha  opocHTejiBHBix  KaHajiax  onTHMajiBHBiH  paanyc  3a- 
KpyrjieHna  R  =  10  B,  r,ne  B  -  mnpHHa  KaHaaa  no  ype3y  boabi.  Ha  oSboahh- 
TeJIBHBIX  Heo6jlHU,OBaHHBIX  KaHajiax  3TO  COOTHOHieHHe  MO>KeT  6bitb  flOBe^eHO 

ro  5,5  B,  a  npn  6ctohhoh  oGanpoBKe  -  ro  R  =  2,5  B. 

1.2.2.  IlonepeHHoe  ceneHHe  KaHajioB 

nonepennoe  ceHeime  KaHajia  3aBncnT  ot  ero  na3naHenna,  cnocooa  crpon- 
TejiBCTBa,  HnvKenepno-reoaornHecKHx  h  to n o rpacj) h  h  ec  k h x  ycaoBHH  no  Tpacce, 
nponycKHon  cnocoOnocTM,  peacHMa  paSoTBi,  Hajinnna  o6jihu,obkh  h  t.  n.  (pnc.  4.4). 

nponycKHaa  cnocoonocTB  KaHaaa  onpeaeaaeTca  npnmiTOH  pacneTHon  cko- 
pocTBK)  TeHemia.  MnHHMajiBHyK)  ckopoctb  b  KaHane  imnawaiOT  H3  ycjiOBnn  ero 
He3anjieHna  n  neBapacTanna  n  H3  ycnoBnn  TKcnjiyaTapnn,  ho  He  6ojiee  aonycTH- 
MBIX  Hepa3MBIBaK)HIHX  CKOpOCTeH  flJM  Heo6jlHU,OBaHHBIX  KaHaJIOB  (cm.  IIM'/Ke). 
BojiBHine  CKOpocm  Ha  MarncTpajiBHBix  opocHTejiBHBix  Kan  an  ax  Moryr  npnBecTH  k 
riOTepflM  B03M0>KH0CTeH  KOMai iaoBanna  nacTBK)  opomaeMBix  naomaaen. 

npn  pa3JiHHHBix  reoaorHHecKHx  h  TonorpacjDHHecKHx  ycaoBHax  no  Tpac¬ 
ce  KaHana  Ha  ero  OTaeaBHBix  ynacncax  MoryT  6bitb  BBiopanbi  paaaHHiiBie  no- 
nepenHBie  ceneHHa. 

B  HecKaaBHBix  rpyHTax  nanooaee  bbito^ho  npoxoanTB  Kanaa  b  noayBBi- 
eMKe-noayHacBinn  c  TpanepeHaaaBHBiM  nan  noanroHaaBHBiM  ceneHneM 
(pnc.  4.4,  a,  6). 

HHor^a  H3  ycaoBHH  nporoBoacTBa  pa6oT  ceneHHa  npnSaHacaiOT  k  napa- 
SoannecKOMy  nan  aoac6HHOo6pa3HOMy  (pnc.  4.4,  e ),  t.  e.  k  npocj)HaK)  ecTecT- 
BeHHoro  pycaa.  B  stom  caynae  ^aa  yMeHBmeHHa  bbicotbi  aaM6  u,eaecoo6pa3HO 
npoeKTHpOBaTB  6oaee  hihpokhh  h  MeHee  raySoKHH  KaHaa,  hto,  o^HaKO,  yxya- 
rnaeT  ycaoBHa  ero  paSoTBi  b  3HMHee  BpeMa. 

Ha  yaacTKax  Kanaaa,  npoxoaauxHx  noaHOCTBK)  b  BBieMKe,  aepea  Kaac^Bie 
5-8  m  no  BBicoTe  hcoOxo^hmo  npeaycMaTpHBaTB  Henpoe3acHe  SepMBi  hihphhoh 
He  MeHee  1  m.  B^oan  6epM  ycTpaHBaiOT  KiOBeTBi  ^aa  c6opa  anBHeBBix  Boa 
(pnc.  4.4,  d). 
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KaHanbi  inioraa  npoeKTupyiOT  h  noanocTbio  b  Hacbimi  c  apena>KOM 
(pHC.  4.4,  2). 


a 


Phc.  4.4.  IlonepeHHoe  ceneHHe  KaHanoB: 

1  -  Hacwnb;  2  -  6epMa;  3  -  npH3Ma;  4  -  kiobct 

Bepx  SepMbi  hjih  m6bi  pa3Meiu,aiOT  Ha  BbicoTe  0, 2-2,0  m  Ha^  MaKCH- 
MaabHbiM  ypOBHeM  bo^bi  b  KaHajie  b  3aBiiCHMOCTH  ot  nponycKHOH  cnocoSHO- 
cth,  KOJieSaHHH  ypOBHeii,  BoanooSpasoBanna  h  apyrnx  3KcnjiyaTau,iiOHHbix 
ocoSeHHOCTeii  xaHana.  IIlHpHHy  ^aM6  noBepxy  Ha3HanaK)T  30  4  m,  c  o^hoh  H3 
CTOpOH  xaHajia  pa3MemaiOT  HHcneKTOpCKyio  ^opory  hihphhoh  He  MeHee  7  m. 
IIpH  raySHHe  xaHana  6onee  5  m  npOBepaiOT  ycTOHHHBOCTb  ero  otkocob. 
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npii  pacnononceHini  KaHana  Ha  KOCoropHOM  ynacTKe  ^Jia  yMeHBineHHn 
oSteMa  3eMJiaHBix  pa6oT  npeflnoHTeHHe  cne^yeT  OT^aBaTb  TpanepeH^ajiBHOMy 
ceneHHK)  c  BBinojiHeHneM  ^aM6Bi  b  nonyBBieMKe-nonyHacBimi  (pnc.  4.4,  2), 
npHneM  conpnnceHHe  ^mObi  c  ocHOBaHneM  peKOMeH^yeTcn  ocymecTBnnTB  CTy- 
neroiMH.  IIpH  KpyTBix  CKJiOHax  HHor^a  6onee  BBiro^HO  o^Hy  H3  ctopoh  KaHana 
BBinOJTHBTB  B  BH^e  SeTOHHOH  CTCHKH. 

npn  3aji05KeHHii  otkocob  m  =  2-3  HanSonee  pacnpocTpaHeHO  OTHorne- 
HHe  rnySHHBi  bo^bi  b  KaHane  hKaii  k  mnpHHe  KaHana  no  ^Hy  b  b  npe^enax  0,47- 
0,32. 


1.2.3.  OSjiHUOBKa  KaHanoB 

06nnu,OBKa  KaHanoB  yMeHBmaeT  hx  nonepenHoe  ceneHiie  npn  3a/iaHHOH 
nponycKHOH  chocoOhocth,  3HanHTenBHO  coKpamaeT  nnn  HCKmonaeT  noTepn 
BOflBi  Ha  (|)HnBTpau,HK),  3aniHHiaeT  otkocbi  ot  pa3MBiBa,  no3BonneT  hobbichtb 
nonycTHMBie  ckopocth  (HCKniOHaiOHHie  pa3MBiB).  BopB6y  c  (jDHnBTpapneH  Ha 
KaHanax  BenyT  Taicnce  nyTeM  n  c  n o n  b 3 o  b a n  h a  HCKyccTBeHHoro  KonBMaTanca  h 
ycTponcTBa  3KpaHOB  H3  cn  a  6  o  cj )  m  n  b  t  p  y  i  o  m  m  x  rpyHTOB  nnn  HCKyccTBeHHBix 
nneHOK. 


Phc.  4.5.  T pancucH^ajibiibiH  KaHan  c  o6jihh,obkoh  otkocob 

>KCJ  IC306CT0  III  I  bl  \1  H  EUIHTaMH  ((J)OTO  aBTopa) 


BemoHHbie  h  jicbji eso demowme  oShhijobkh  Moryr  6bitb  KaK  MOHonHT- 
HBIMH,  TaK  H  cSopHBIMH  (pHC.  4.5).  CnaOBIM  MCCTOM  cSopHBIX  o6nHU,OBOK  nB- 
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JUHOTCa  LUBbI  MOKfly  nJIHTaMH,  P  6  p M 6 T H3 £1  L[ H H  KOTOpbIX  npHXOflHT  B  IIOJIHyiO 
neroanocTb  3a  5-7  neT  3KcmyaTaHnn.  OcHOBHbie  npunmibi  pa3pymeHHa  ihbob  - 
TeMnepaTypHbie  h  oca^OHHbie  flecfiopMapuH. 

Ac(pajibmo6emoHHbie  o6jihh,obkh  OTjnraaiOTca  SojibmeH  BOflOHenpoHH- 
paeMOCTbio,  hto  ocoSeHHO  Ba>KHO  npn  nynHHHCTbix  rpyHTax.  Accj)ajibTo6eTOH- 
Hbie  o6jIHH,OBKH  SbIBaiOT  OflHOCJIOHHbIMH  H  MHOTOCJIOHHblMH.  ToJIHIHHa  OflHO- 
CJIOHHOH  -  4-6  CM. 

IJojiuMepubie  MaTepHajibi  b  KanecTBe  npOTHBO(j3HJibTpan,HOHHbix  noicpbi- 
thh  KaHaaoB  hmciot  iunpoicoe  pacnpocTpaHeHHe  Saaroaapa  hx  n paKT h  wee  k  h 
nonHOH  BO^OHenpOHimaeMOCTH.  K  He,nocTaTKaM  sthx  noicpbiTHH  OTHoeaTca 
HeyCTOHHHBOCTb  IIpOTHB  TpbOyHOB  H  paCTeHHH  H  flOBOJlbHO  SbICTpOe  CTapeHIie 
ot  noBbimeHHa  TeMnepaTypbi. 

K  flpyrHM  TiinaM  o6jihh,obkh  OTHoeaTca  KaMeHHbie  odejfcdbi,  KOTOpbie 
xoporno  BOcnpHHHMaiOT  TeMnepaTypHbie  n  oca^onHbie  ^e(J)opMan,HH,  ho  ^Jia 
HHX  HeoSxOflHMO  yCTpaHBaTb  nOflTOTOBKy  B  BH^e  oSpaTHOTO  (jlHJIbTpa. 


1.3.  TH/ipaBJiHHecKHe  pacneTbi  KaHajiOB 
1.3.1.  <PopMa  5KHBoro  cenemiH 

HanSojiee  pacnpocTpaHeHa  TpanepeH^ajibHaa  (JiopMa  jkhboto  ceneHHa 
KaHanoB  pa3JiHHHoro  Ha3HaneHHa  (pnc.  4.6). 


Phc.  4.6.  PacHCTiiafl  cxeMa  k  onpeaenemno 
nponycKHOH  ciiocoGhocth  KaHajia 

Peace  >KHBbiM  ceneHHiiM  npH^aiOT  nojiHroHanbHyio,  napaSojinnecKyio  h 
npaMoyrojibHbie  (JiopMbi.  3th  (fiopMbi  oSaaaaiOT  Sojibihhm  nmpaBjmHecKHM  pa- 
anycoM,  caeaoBaTeabiio,  Bbiroanee  TpanepeH^ajibHOH  b  rnapaBa h hcckom  otho- 
uieHHH,  oanaKO  riocaeanaH  npeanoHTHTeabiiee  no  ycaoBHHM  npoMiBoacTBa  pa6oT. 

T  pi  a  p  a  b  a  pit  e  c  k  pi  naMBbiroaneiiuiee  ceneHne  Kanaaa  xapaKTepniyeTca 
HaHSojibiHHM  3HaneHHeM  TH^paBJinHecKoro  pa^nyca. 

rudpaejiunecKu  Hauebi2odHeihueu  Ha3biBaeTca  Taicaa  (JiopMa  nonepen- 
hoto  ceneHHa  xaHana,  KOTOpaa  npn  3a^aHHOM  yKJiOHe  i,  K03(J)(f)HH,HeHTe  mepo- 
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xobetocth  n  h  nnoma,nH  nonepenHoro  ceneHHa  co  cooTBeTCTByeT  HaHSonBmeii 
nponycKHoii  ciiocoShoctji  KaHana.  IIpH  3a^aHHOH  naoma/jH  co  =  const  ^onnceH 
6bITB  MHHHMaJIBHBIM  CMOHCHHBIH  nepHMCTp  %  H,  CJieflOBaTCJlBHO,  MaKCHMaJIB- 

hbim  rHflpaBJiHnecKHH  pa^nyc  R  [7]. 

,E(nn  KaHanoB  c  ceneHneM  TpanepenflajiBHon  (J)opMBi  OTHomeHne  nrapn- 
hbi  KaHana  no  ^Hy  b  k  rnySHHe  h  b  stom  cnynae  paBHO 

[3r.H  =  b/h  =  2  (Vl  +  m2  -  m) .  (4. 1) 

3HaneHna  (3rH  npHBe,neHBi  b  Ta6n.  4.1. 


Ta6jiHu,a  4.1 


3HaHeHiiH  pr.„  ^Jifl  banana  c  rnupauniiHecKii  HaiiBbiro/CHeiiiimM  ceneHiieM 

Tpaneuen/iajibHOH  (popMbi 


III 

Pr.H 

m 

Pr.H 

m 

Pr.H 

0 

2,00 

1 

0,83 

2,5 

0,385 

0,25 

1,56 

1,5 

0,61 

3 

0,325 

0,5 

1,24 

2 

0,47 

4 

0,250 

Iljiomaflb  nonepenHoro  ceneHHa  KaHana  onpe^enaiOT  no  (popMyne 

co  =  (b  +  mh)h,  (4.2) 

r^e  b  -  mnpHHa  KaHana  no  ^ny  (cm.  pnc.  4.4);  m  -  K03(J)(j)Hu,HeHT  OTKOca, 
m  =  ctga;  h  -  rnySnHa  boabi  b  KaHane. 

IllHpHHa  KaHana  noBepxy  B  —  b  +  2  mh. 

,Z],nHHy  CMoneHHoro  nepHMeTpa  paccnHTBiBaiOT  no  (popMyne 

%  =  b  +  2h  Vl  +  m2  .  (4.3) 

T nnpaBn h hcc k h m  pa^Hyc  R  =  co/%  BBipancaeTca  c  yncTOM  cpopMyn  (4.2)  h 

(4-3). 

ITpH  rHflpaBnHnecKOM  pacneTe  KaHanoB  pemaiOT  cne^yioiHHe  ochobhbic 
sanaoH: 

1.  ITpH  3a/iaHHBix  pa3Mepax  KaHana  (b,  h  h  m),  K03(J)(j)Hu,HeHTe  rnepoxo- 
BaTOCTH  n  (Ta6n.  4.2,  4.3)  h  yKnoHe  noBepxHOCTH  boabi  J  onpeflenaiOT  cpe#- 
hkdk)  ckopoctb  noTOKa  o  h  nponycKHyK)  cnocoSHOCTB  KaHana  (pacxo#  boabi)  Q. 

BBiHHcnaKDT  nnoma^B  co  ,nnn  Tpaneu,eHflanBHoro  KaHana  no  (popMyne 
(4.2),  rHflpaBnHnecKHH  pa^nyc  R,  K03(f)(f)Hu,HeHT  C,  ckopoctb  n  no  cpopMyne 

u  =  cJrJ  (4.4) 

h  pacxofl  Q  no  (popMyne 

0  =  coCV&7,  (4.5) 
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r,ne  C  -  K03(j)(j)Hi],neHT  IUe3H,  KOTOpBin  mo>kho  Hairm  no  Ta6n.  3.3,  npn  3Hane- 
HH3ix  K03(J)(J)Hu,HeHTa  mepoxoBaTOCTH  n,  yKa3aHHLix  b  Ta6n.  4.2,  4.3,  3HaneHH5i 
C  onpeflemnoT  jinHenHon  nHTepnojnmnen. 


TaojiHua  4.2 


3Ha»ieHHH  K03(])(])HUHeHTa  mepoxoBaTOCTH  n  KanajiOB  c  oSjihuobkoh 


Bna  o6jihh,obkh 

n 

BeTOHHaa: 

xoporno  OTacjiannaa 

0,012-0,014 

rpy6a» 

0,015-0,017 

COopiibie  acejie3o6eTOHHbie  jiotkh 

0,012-0,015 

Byjibi/Kiiaa  moctobbs 

0,020-0,025 

H3  TecaHoro  KaMH» 

0,013-0,017 

Kjiaaba  Syi  OBaa  Ha  bcmchthom  pacTBope 

0,017-0,030 

IloKpbiTHe  H3  ac(|)aji bxo6my m 1 1 bix  Mai  cpnajiOB 

0,013-0,016 

OacpnoBamioe  pycjio  (b  3aBHCHMOCTH  ot  BbicoTbi  TpaBbi) 

0,030-0,035 

TaSjiHua  4.3 

3HaHeHHH  K03(])(])HUHeHTa  mepoxoBaTOCTH  n  KanajiOB  c  3eMJiHHbiM  pycJioM 


XapaKTepncTHKa 

KaHanoB  h  pycjia 

3HaneHHa  n  KanajiOB 

OpOCHTeJIbHbIX 

KOJIJICKTOpnO-apCIia/KlIblX 
h  ocyniHTejibHbix 

IlponycK  pacxoaa  >  25  m/c 

Pycjio: 

rjiHHHCToe,  uccHanoe 

0,020 

0,025 

rpaBHHHO-rajienHHKOBoe 

0,0225 

0,0275 

IlponycK  pacxoaa  25-1  m/c 

Pycjio: 

rjiHHHCToe,  nccManoc 

0,0225 

0,030 

rpaBHHHO-rajienHHKOBoe 

0,025 

0,0325 

IlponycK  pacxofla  <  1  m/c 

riocToaHHaa  ceTb 

0,0275 

- 

BpeMeHHbie  opocm  cjin 

0,030 

- 

npHMeiaHHe.  ,H,jia  KaHanoB  Boaoc6opHO-c6pocHOH  cera  3HaneHHa  n  noBbima- 
k)t  Ha  10  %  no  cpaBHeHHio  c  yKa3aHHbiMH  b  Ta6jnm,e  fljia  opocHTejibHbix  KaHanoB  h  OKpyi  - 
jbhot  no  6jiH>KaHHiero  oouienpHinn  oi  o  anaHCiiHa. 


2.  IIo  3aflaHHOMy  pacxo^y  Q,  pa3MepaM  KaHana  n  K03(f)(f)nn,neHTy  n  on- 
peflemnoT  yKJiOH  J. 

HcKOMyK)  BejranHHy  yKJiOHa  paccmn  biBaiOT  no  (f)opMyjie 


J  = 


Q 


Q 


a rC2R  K 


(4.6) 


r,ne  K  -  pacxo^HaM  xapaKTepncTHKa,  nMeioinaa  pa3MepHOCTB  pacxo^a  boabi. 
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Ecjih  TpeSyeTCfl  HaiiTH  yKJiOH  KaHana  no  3HaneHHio  Hepa3MBiBaiomeH  nHp 
HJ1H  He3aHJMK>men  UH3  CKOpOCTH,  TO  M05KH0  HCn0JIB30BaTb  (J)opMyny 


J  = 


Q 2  V)2 


(£>2C2R 


c2r 


(4.7) 


B  KOTOpyK)  BMeCTO  1)  nOflCTaBJl^KDT  nHp  (Ta6n.  4.4-4. 6)  HUH  1)H3  CKOpOCTH. 

3.  PaccHHTBiBaiOT  pa3MepBi  nonepewnoro  ceweinui  KaHana,  t.  e.  rnySmiy  h  n 
mnpHHy  b  npn  H3BecTHBix  Q,  J ,  n.  3a^anH  ttoto  Tnna  HanSonee  nacTO  BCTpe- 
naiOTCfl  b  npaKTHKe. 


Ta6jiHu,a  4.4 


3HaHemiH  cpe/jHeH  Hepa3MbiBaiomeH  ckopocth  noTOKa  vHp,  m/c, 
3J1H  HeoaHopoaHbix  necHaHbix  rpyHTOB 


CpeflHHH 

^HaMC'ip 

rjiySmia  noTOKa  h,  m 

nacTHii, 
dcp,  MM 

0,5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0,1 

0,36 

0,43 

0,51 

0,56 

- 

0,64 

- 

- 

0,72 

- 

0,77 

0,2 

0,37 

0,45 

0,53 

0,59 

- 

0,67 

- 

- 

0,75 

- 

0,80 

0,3 

0,39 

0,47 

0,56 

0,62 

- 

0,70 

- 

- 

0,79 

- 

0,84 

0,5 

0,45 

0,54 

0,64 

0,71 

- 

0,81 

- 

- 

0,91 

- 

0,96 

1 

0,54 

0,64 

0,76 

0,84 

- 

0,96 

- 

- 

1,07 

- 

1,14 

2 

0,64 

0,76 

0,90 

1,00 

- 

1,14 

- 

- 

1,28 

- 

1,35 

3 

0,71 

0,84 

1,00 

1,10 

- 

1,26 

- 

- 

1,41 

- 

1,49 

5 

0,81 

0,96 

1,14 

1,26 

- 

1,43 

- 

- 

1,61 

- 

1,71 

10 

0,96 

1,14 

1,35 

1,49 

- 

1,71 

- 

- 

1,92 

- 

2,03 

20 

1,13 

1,35 

1,61 

1,77 

- 

2,02 

- 

- 

2,26 

- 

2,40 

30 

1,26 

1,49 

1,77 

1,97 

- 

2,24 

- 

- 

2,51 

- 

2,65 

50 

1,43 

1,70 

2,02 

2,24 

- 

2,54 

- 

- 

2,86 

- 

3,02 

100 

1,70 

2,02 

2,40 

2,66 

- 

3,03 

- 

- 

3,40 

- 

3,6 

TaojiHua  4.5 


3HaHeHHfl  cpeaHett  Hepa3MbiBaiomeH  ckopocth  noTOKa  b„p,  m/c,  /jjih  CBH3Hbix  rpyHTOB 


niySuna  noTOKa  h,  m 

Yacjibiioc 

0,5 

1 

3 

5 

cu,eiuieHHe 
c-105,  Ila 

Coacp/KaiiHC  jiericopacTBopHMbix  coneM*,  %  Maccbi  miOTHoro  ocTaTKa 
aScojuoTiio  cyxoro  rpyirra 

<0,2 

0, 2-3,0 

<0,2 

0, 2-3,0 

<0,2 

0, 2-3,0 

<0,2 

0, 2-3,0 

0,005 

0,39 

0,36 

0,43 

0,40 

0,49 

0,46 

0,52 

0,49 

0,010 

0,44 

0,39 

0,48 

0,43 

0,55 

0,49 

0,58 

0,52 

0,020 

0,52 

0,41 

0,57 

0,45 

0,65 

0,52 

0,69 

0,55 

0,030 

0,59 

0,43 

0,64 

0,48 

0,74 

0,55 

0,78 

0,59 

0,040 

0,65 

0,46 

0,71 

0,51 

0,81 

0,58 

0,86 

0,62 
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OicoHHaHHe  Ta6ji.  4.5 


y^cjibnoc 

cu,eiuieHHe 
c-105,  ITa 

niySuna  noTOKa  h,  m 

0,5 

1 

3 

5 

Co/icp/KaiiHC  nerKopacTBopHMbix  cojich*,  %  Maccbi  nnoTHoro  ocTaTKa 
aScojiioxno  cyxoro  rpyHTa 

<0,2 

0, 2-3,0 

<0,2 

0, 2-3,0 

<0,2 

0, 2-3,0 

<0,2 

0, 2-3,0 

0,050 

0,71 

0,48 

0,77 

0,53 

0,89 

0,61 

0,98 

0,65 

0,075 

0,83 

0,51 

0,91 

0,56 

1,04 

0,64 

1,10 

0,69 

0,125 

1,03 

0,60 

1,13 

0,67 

1,30 

0,76 

1,37 

0,81 

0,150 

1,21 

0,65 

1,33 

0,72 

1,52 

0,82 

1,60 

0,88 

0,200 

1,28 

0,75 

1,40 

0,82 

1,60 

0,93 

1,69 

1,00 

0,225 

1,36 

0,80 

1,48 

0,88 

1,70 

1,00 

1,80 

1,07 

0,250 

1,42 

0,82 

1,55 

0,91 

1,78 

1,04 

1,88 

1,10 

0,300 

1,54 

0,96 

1,69 

0,99 

1,94 

U2 

2,04 

1,20 

0,350 

1,67 

0,97 

1,88 

1,06 

2,09 

1,22 

2,21 

1,30 

0,400 

1,79 

1,03 

1,96 

1,15 

2,25 

1,31 

2,38 

1,40 

0,450 

1,88 

1,09 

2,06 

1,20 

2,35 

1,39 

2,49 

1,46 

0,500 

1,99 

1,26 

2,17 

1,28 

2,50 

1,46 

2,63 

1,56 

0,600 

2,16 

1,27 

2,38 

1,38 

2,72 

1,60 

2,88 

1,70 

*  CaCl,  MgCl2,  NaCl,  Na2S04,  Na2C03,  NaHC03. 


Ta6jnm,a  4.6 


3Ha»ieHHH  cpeaHett  Hepa3MbiBaiomeH  ckopocth  noTOKa  i)„p,  m/c, 
ajifl  saKpenjieHHbix  pyceji 


Bh#  KpCIIJICIIMH 

rjiySmia  noTOKa  h,  m 

<0,5 

1 

3 

5 

EcTomiaH  oSjinuoBKa*  npw  KJiacce  ocxona  no  npoHiiocxH  Ha 
OKaTne: 

B  10 

12,5 

13,8 

16,0 

17,0 

B  15 

14,0 

15,6 

18,0 

19,1 

B  20 

15,6 

17,3 

20,0 

41,2 

B  30 

19,2 

21,2 

24,6 

26,1 

06jinn,OBKa  H3  KaMeHHon  KJiajiKH*  npn  npoeiemoH  Mapice 
pacTBopa  no  nponHOcrn  Ha  ORaine: 

M  10 

4,3 

5,0 

6,2 

6,7 

M  25 

6,3 

7,4 

9,1 

9,8 

M  150-M  50 

7,4 

8,7 

10,7 

11,6 

raSnoHbi  (pa3MepoM  0,5  m  h  6ojiee) 

4,7 

5,5 

6,8 

7,3 

KaMcmiaH  naSpocKa  b  nneTHeBon  KJieTKe 

3,0 

3,5 

4,0 

4,4 

MonjeHne  oflHHonHoe  Ha  cjioe  ujeOHa  hjih  rjiHHbi  (10-15  cm) 
c  noKpbiTHeM  cjioeM  rjiHHbi,  HJia,  cojiomm  hjih  ceHa: 

Ha  CBC’/KcnacbinamiOM  yipaMSoBamiOM  rpymc  npn  Kpyu- 
hocth  KaMHeii,  cm: 

15-20 

2,4 

2,8 

3,5 

3,8 

20-30 

2,8 

3,3 

4,1 

4,4 
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OicoHHaHHe  Ta6ji.  4.6 


Bha  KpcmiciiMx 

fjiySHiia  noTOKa  h,  m 

<0,5 

1 

3 

5 

Ha  oceBHieM  hjih  njiOTHO  yipaMSoBamiOM  rpymc  npn 
KpynHOCTH  KaMHeii,  cm: 

15-20 

2,6 

3,0 

3,7 

4,0 

20-30 

3,0 

3,6 

4,5 

4,9 

Momemie  jibomiioc  Ha  cjioe  lhcoiix  npn  KpynHOCTH  KaMHeii,  cm: 
15-20 

3,0 

3,5 

4,3 

4,7 

20-30 

3,1 

3,7 

4,7 

5,1 

^.epHOBKa  njianiMB 

1,0 

1,25 

1,5 

1,5 

*Il0T0K  He  COHCp/h'HT  HCCWailblX  H  l  ajICMIIHKOBblX  HaHOCOB. 


Tax  KaK  3flecB  Hen3BecTHMMn  BenHHHHaMH  aBJiaiOTca  b  n  h,  to  o^hoh  H3 
hhx  3a^aK)Tca,  a  BTOpyio  onpenemnoT. 

pemeHHa  3anann  rpa(J)oaHajiHTHnecKHM  cnocoSoM  npn  Ha3HaneH- 
hoh,  HanpHMep,  ninpnHe  KaHana  no  nny  b  3anaK>Tca  pa^OM  3HaneHnn  (TpeMa 
hjih  neTBipBMa)  raySniibi  h  n  naxonaT  co,  y,  R,  C,  K.  Bbimicaenna  peKOivieiiny- 
eTca  ^enaTb  b  TaSjinnHon  (J)opMe: 


h,  m 

2 

0,  M 

1.M 

R,  M 

0,5  / 

C,  M  /C 

K=  G)Cy[R  ,  m3/c 

IIo  3HaneHnaM  pacxonHon  xapaKTepncTHKH  K  n  TJiyOnHbi  h  CTpoaT  Kpn- 
ByK)  3aBHCHMOCTH  K  =  k(h),  KOTOpaa  noJimra  npoxoflHTb  nepe3  Hanano  Koop- 
flHHaT.  no  3toh  KpHBOH,  otjio5khb  Ha  och  K  3anaHHyio  pacxonHyio  XapaKTepH- 

CTHKy  K0  =Q/tJ[ Tq  ,  onpeneinnoT  ncxoMoe  3HaneHne  ho  n  npoBepaiOT  ero  bbi- 

nncjieHneM  pacxona  bo^bi  no  (f)opMyjie  (4.5).  npn  paBHOMepHOM  nannceHnn 
yKJiOH  ana  Kan  an  a  J0  =  J. 

3aTeM  no^cnnTbiBaiOT  cxopocTb  n  =  Q! co.  rjiySmiy  noTOKa  npn  paBHO- 
MepHOM  flBHnceHHH  JKHflKOCTH  Ha3bIBaK)T  HOpMaJIbHOH  TJiySnHon  (o603HaneHa  B 
^ajibHenmeM  h0). 

Ecjih  mySnny  nonSnpaiOT  nenocpencTBeimo  no  pacxonaivi  bo^bi,  to  b  npn- 
Benennyio  Bbime  TaSniiHiiyio  (j)opMy  bmccto  rpacj)bi  K  bbohat  rpacj)bi  sfj ,  i>  h  Q. 

Ecjih  Ha3HaneHa  rjiySnHa  h ,  to  b  BbinncmnoT  aHanornnHO,  3aMeHaa  b 
Ta6jinu,e  rpa(J)y  h  rpa(J)on  b.  npn  stom  Hano  hmctb  b  Bnny,  hto  b  o6meM  cnynae 
KpnBaa  K  =  K(b)  npoxo^HT  He  nepe3  Hanano  KOOpnnHaT. 

1.3.2.  /JonycKaeMbie  ckopocth  nBimemia  bo  ii.i  b  KaHanax 

PaccnHTaHHbie  npn  npoeKTHpoBanini  ranpaBJinnecKne  3JieMeHTbi  Kanana 
^OJDKHbl  C03naBaTb  TaKyiO  C pen II IO IO  CKOpOCTb  HBH>KeinOI  BOHBI,  hto6bi  o6ec- 
nennBaTb  BbinojiHeHne  ycnoBna  [7] 
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vm<\)<\)Hp,  (4.8) 

r^e  dH3  -  He3aHJMiomafl  cxopocTb  (^Jia  cpe^Hero  ^HaMeTpa  nacTHH,  HaHOCOB, 
B3BemeHHBix  b  noTOKe);  uHp  -  Hepa3MBiBaiomaa  CKOpocTB  (^Jia  cpe^Hero  jxvl a- 
MeTpa  nacTHu,  rpyirra  dcp  Ha  ^He  HeyKpenjieHHoro  pycjia  KaHajia). 

Ecjih  KaHaji  npojio>xeH  b  neoanopoanbix  necnanbix  rpyHTax  h  ero  ano  h 
otkocm  He  yKpenjieHbi,  to  cpeflmoio  Hepa3MbiBaK>myio  cxopocTb  onpeflejnnoT 
no  (J)opMyjie 

X)cp  =  3,6  (h  dcpf’25 ,  (4.9) 

r^e  dc p  -  ^naMeTp  nacTHu,  rpyHTa,  m,  dio/dcp~  0,2-0, 3. 

Ecjih  xaHaji  npojio>xeH  b  6jih3khx  k  o^HOpOflHbiM  (dio/dcp  ~  0,67)  hccbjo- 
hbix  rpyHTax,  to 

i)Ip=4J(/ii/25=l,3v  (4.10) 

Hepa3MbiBaK)maa  cpe,o,roni  cxopocTb  noTOxa  b  xaHanax,  npoxonHinHx  b 

CB3I3HBIX  (TJlHHHCTblx)  TpyHTBX,  3aBHCHT  OT  TJiySHHbl  nOTOXa  II,  y^CJIbHOTO  cu,e- 
njieHHa  Mox^y  nacmpaMH  rpyHTa  c,  ITa,  h  coflep>xaHH3i  jierxopacTBOpHMbix 
cojien. 

CxopocTb  nHp  flJia  3axpenjieHHbix  pyceji  ycTaHaBJiHBaeTCfl  b  3aBHCHMOCTH 
ot  BH,na  xpenjieHHa  h  rjiyOHHbi  noTOxa  h. 

Cpe^HM  He3aHJi^K)Hiaa  cxopocTb  noTOxa  mo>xct  Sbitb  paccnHTaHa  no 
4>opMyjie 

nH3  =  e  ,  (4.11) 

r^e  e  -  xoo(J)(j)Hu,HeHT,  onpeflejiaeMbiH  no  Ta6ji.  4.7. 


TaSjiHua  4.7 

3HaHeHHfl  K03(])(])HUHeHTa  e  npii  p  <  0,01  % 


dCp,  MM 

e,  m°’5/c 

t/cp,  MM 

e,  m°’5/c 

dcp,  MM 

e,  m0,5/c 

0,1 

0,22 

0,6 

0,82 

1,5 

1,03 

0,2 

0,45 

0,8 

0,9 

2,0 

1,10 

0,4 

0,67 

1,0 

0,95 

3,3 

1,11 

ITpH  flpyrnx  BiiaHcnnax  HiepoxoBaTOcm  pycjia  n  anaHcmie  e  BbinncjuieT- 
ca  no  (j)opMyjie  H.  H.  JleBH  [7]: 


e  = 


0,1 


co 


d 


cp 


0,0225 

n 


(4.12) 


r^e  co  -  THflpaBJiHnecxaa  xpynHOCTb  nacTHu,  B3BemeHHbix  HaHOCOB  ^naMeTpOM 
dc p,  mm/c;  dc p  -  cpeflHHH  ^naMeTp  npeoSjia^aioiHHx  nacTHu,  B3BemeHHbix  HaHO- 
cob,  mm;  p  -  npopeHT  (no  Macce)  B3BemeHHbix  HaHOCOB  pa3MepOM  6ojiee 
0,25  mm. 
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3HaneHne  K03(j)(J)Hii,HeHTa  e  npn  i?=lM  paBHO  dH3. 

,Z],na  npeflOTBpameHHa  3apacTaHHa  KaHana  HeoSxoflHMO  oOecnenHTb  cko- 
pocTB  noToica  He  MeHee  0,5-0, 6  m/c. 

3anoaceHHe  (yKJiOH)  otkocob  KaHajiOB  flHKTyeTca  ycaoBmiMH  hx  ycTOH- 
HHBOCTH. 


TaSjinua  4.8 

IIpHMepHoe  sajioaceHHe  m  no/iBO/iHbix  otkocob  KaHajiOB  npn  A<5m 


rpyHT 

III 

Cxaaa: 

npoMiiaa 

0,1-0,25 

CJiaSas 

0,25-0,5 

riojiycKajibiibic  BOflOCTOHKHe  nopo^bi 

0, 5-1,0 

IlaoTHbie  cyrjiHHKH,  uiHiibi,  rpaBHHHO-raaeHHHKOBbiH  rpym 

1,0-1, 5 

Cynecb 

1, 5-2,0 

IlecoK: 

KpynHblH  H  CpC^HCH  KpyilHOCTH 

1,5-2, 5 

MeJIKHH 

3, 0-3, 5 

,Z],na  npeflBapHTejiBHBix  pacneTOB  TpaneueHaanbiibix  KaHajiOB  ray6n  non 
He  6ojiee  5  m  npHMepHbie  3HaneHHa  3aaoaceHHa  otkocob  mo>kho  npHHHMaTb  no 
Ta6ji.  4.8. 


1.4.  OnpeaejieHHe  noTepb  ihui.i 

Ha  ^HJIbTpapHH) 

IlOTepH  BOflbl  H3  KaHajiOB  Ha  (j)HabTpaU,HK)  3aBHCaT  OT  (|)HabTpaU,HOHHbIX 
cbohctb  rpyHTOB  no  flaHHe  KaHajiOB,  noaoaceHHa  ecTecTBeHHoro  ypOBHa  rpyH- 
tobbix  BOfl,  pacnoaoaceHHa  rpyHTOB  pa3aHHHOH  npOHHu,aeMOCTH  no  raySHHe, 
flaHHbi  CMOHennoro  nepHMeTpa  Kanaaa  h  apyrux  cjaiKTopoB. 

PemeHne  BonpocoB,  CBa3aHHbix  c  (J)HabTpau,HeH  bo^bi  H3  KaHaaoB,  bkjiio- 
naeT  onpefleaeHHe  noTepb  bo^bi  Ha  (fMJibTpapHio,  pacneT  no^beMa  ypOBHen 
rpyHTOBbix  bo  a  b  MecTHOCTH,  npnaeraiomeH  k  KaHaay,  a  cae^OBaTeabHO,  h 
bo3mo>khocth  3a6oaanHBaHHa  ee,  pa3pa6oTKy  MeponpmiTHH  no  yMeHbmeHHK) 
noTepb  Ha  (J)HJibTpau,Hio  nyTeM  ycTponcTBa  npoTHBO(|)HabTpau,HOHHbix  TKpaHOB 
toh  nan  hhoh  KOHCTpyKu,HH,  pa3pa6oTKy  MeponpnaTHH  no  flpeHHpOBaHHio 
np nae raio unix  k  KaHaay  TeppHTOpHH . 

0ujibmpaiiuoHHbie  nomoKu  H3  KaHaaoB  no,npa3,neaaK>Tca  Ha  ^Ba  ochob- 
hbix  THna: 

•  nenodnepmbiu  nomoK,  t.  e.  noTOK,  He  B3aHMO,neHCTByK>mHH  c  ecTecT- 
BeHHblM  TpyHTOBblM  nOTOKOM; 
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•  nomoK  nodnepmbiu,  B3aHM0^eHCTByromnH  c  ecTecTBeHHBiM  rpyHTOBBiM 
nOTOKOM. 

B  SojiBniHHCTBe  cnynaeB  nepBbiii  ran  nocae  Hanajia  3KcnjiyaTau,nn  KaHa- 
Jia  nepexoflHT  bo  BTOpon  ran  [7], 


1.4.1.  <I>HJibTpai;HH  M3  KaHajiOB  6e3  no^nopa 

KaHan  6e3  nopnopa  mojkct  6bitb  Rax  3KpaHHpOBaHHBiM,  Tax  n  HesKpami- 
pOBaHHtiM  (pnc.  4.7). 

KaHaji  6e3  3KpaHa  b  o^Hopo^HOM  rpyHTe.  YpejiBHBiH  (J)njiBTpapnoH- 
hbih  pacxop  H3  HesKpaHHpOBaHHoro  KaHana  (pnc.  4.7,  a)  b  ophopophom  rpyHTe 
npn  6ecKOHenHon  rnySnHe  3ajieraraui  ypOBna  rpyHTOBbix  bop  onpepeiraeTCfl  no 
(J)opMyjie  [7] 

q  =  ki(B  +  Ah0)(  i  +  V|A)(  (4.13) 

y 


rpe  k§  -  K03(|)(j)Hu,neHT  (J)njiBTpan,nn  nopcranaiomero  cjioa  rpyHTa;  B  -  rnnpnHa 
KaHana  no  ype3y  boabi;  A  -  K03(j)cj)Hi],HeHT,  ynHTBiBaiomHH  SoxoBoe  pacTeKaHne 
noTOKa  (TaSn.  4.9);  h0  -  rjiySnHa  boabi  b  xaHajie;  hH  -  bbicotb  KanHJunipHoro 
noflroirafl;  y  -  raySuna  npo  Mann  Ban  hji  rpyHTa. 

^jiHTenBHOCTB  IT p o m a h n b a ii mi  o^HOpOflHBix  rpyHTOB  30hbi  aspapHH  Ha 
mySHHy  y  ot  pHa  KaHana  b  nepHop  cboSo^hoh  (J)HJiBTpau,HH  onpepeiraeTCfl  no 
(j)opMyjie 


t  = 


7-Oo  +  Ah) 


y 

K  +  K 


ln(l  +  -^-)  , 

K  +  K 


(4.14) 


rpe  p  -  HepocTaTOK  HacBimeHmi  rpyHTa  bopoh,  npHHHMaeMBiH  paBHBiM  pjia 
necxa  -  0,18-0,28;  pjia  cynecn  -  0, 1-0,2;  pjia  cymHHKa  -  0,01-0,1;  pjia  rjiHHH- 
ctbix  rpyHTOB  -  0,005-0,05. 

KaHaji  6e3  3KpaHa  Ha  ^ByxcjiOHHOM  ocHOBaHHH.  YpejiBHBiH  (jDHJiBTpa- 
Phohhbih  pacxop  H3  HesKpaHHpOBaHHoro  KaHana,  pacnojiaraeMoro  Ha  pByx- 
cjiohhom  ocHOBaHHH  (pnc.  4.7,  6),  h  pjiHTejiBHOCTB  npOMaHHBaHHfl  BepxHero 
cjioa  Ha  rjiySnHy  y  =  81  onpepemnoT,  Rax  h  b  cjiynae  opHOpopHoro  ocHOBamm, 
no  (j)opMyjiaM  (4.13)  h  (4.14). 

XapaKTep  (J)HJiBTpau,HOHHoro  noTOKa  bo  btopom  cjiynae  3aBHCHT  ot  co- 
OTHOHieHHM  K03(|)(J)HU,HeHTOB  (j)HJlBTpaU,HH  CJIOCB  k\lk2. 

ITpH  k\lkn  >  81(81  +  ho  +  hH)  noTOK  6ypeT  pBHraTBCfl  c  nojiHBiM  3anojiHe- 
HneM  nop  rpyHTa  bo^oh. 

YpeJIBHBIH  (J)HJlBTpaU,HOHHBIH  paCXOfl  H  flJIHTeJIBHOCTB  npOMaHHBaHHM  Ha 

raySnny  y2  b  stom  cjiynae  onpepejunoTca  no  (j)opMyjiaM: 

k-i  By  2  1  +  a  , .  , 

q  =  — —  - - ,  (4.15) 

a  Oj  +  ay  2 
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pne  tx 
CJ10M. 


t  —  t-y  + 


n2y2 

k\ 


G 


va  y  2) 


—  [a  -  In  (l  +  a  )]  -  —  • 


a 


y2 


a 


y2 


CT 


_  kx 


k29 


(4.16) 


(4.17) 


8i  +  K  +  kn 

^jiHTejiBHOCTb  npoMaHHBaHiw  nepBoro  cnoa;  n2  -  nopucTOCTB  BTOporo 


a  6 


f 


B 


+ 


6 

Phc.  4.7.  CxeMbi  k  pacneTy  (J)HJibTpau,HH  H3  KaHajiOB  6e3  noanopa:  a  -  KaHaji  6e3 
3KpaHa  b  oflHoponHOM  rpyHTe;  6  -  10  ace  Ha  nByxcjioilHOM  ocHOBaHHH,  nacbiuicn- 
hom  BOfloil  c  k,\„  npHHHMaeMbiM  paBHbiM  fljia  necKa  -  0,18-0,28;  hjbi  cynecn  - 
0, 1-0,2;  fljia  cyraHHKa  -  0,01-0,1;  hjib  r jihhhctbix  rpyHTOB  -  0,005-0,05;  e  -  Kauai  i 

c  3KpaHOM  npn  OTcyTCTBHH  nonnopa 
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Ta6jiHu,a  4.9 


3HaHeHHH  K03(])(])HUHeHTa  A 


III 

B/h0 

5,0 

7,5 

10,0 

12,5 

15,0 

20,0 

1,0 

3,0 

3,4 

3,6 

3,9 

4,0 

4,4 

1,5 

2,5 

2,9 

3,2 

3,4 

3,6 

3,9 

1,75 

2,3 

2,7 

3,0 

3,3 

3,5 

3,7 

2,0 

2,1 

2,6 

2,9 

3,1 

3,3 

3,6 

2,5 

1,7 

2,3 

2,6 

2,9 

3,1 

3,3 

npH  k\IIi2  <  5i(5i  +  ho  +  hH)  flBH5KeHHe  (f)HnBTpai],HOHHBIX  BOA  BO  BTOpOM 
cnoe  Sy^eT  npOHexoAHTB  c  HenonHBiM  HacBimeroieM  nop  rpyHTa  boaoh.  B  stom 
cnynae  a-bhtcjibhoctb  npOMaHHBamni  BTOporo  cnon  moihhoctbio  §2  onpeAenn- 
eTcn  no  (J)opMyjie  H.  H.  BnHAeMaHa  [7]: 


a2b 


q 


fir 


\ 

(we  -  a)  , 


(4.18) 


rAe  q  -  (})njiBTpau,noHHBin  pacxoA  H3  KaHana  k  KOHuy  npOMBiBamin  nepBoro 
cnon;  a  -  MoneKynnpHan  BJiaroeMKOCTB  rpyHTOB  BTOporo  cnon;  we  -  ecTecTBeH- 
Han  oSneMHaa  BnancHOCTB  rpyHTa  BTOporo  cnon. 

BKpaHHposaHHkiM  KaHaji.  YAejiBHbin  (J)njiBTpau,noHHBin  pacxoA  H3  sk- 
paHHpOBaHHoro  KaHana  (pnc.  4.7,  e)  b  cnynae  OTcyrcTBna  noAnopa  MonceT  6bitb 
onpeAeneH  no  (J)opMyne 

q  =  k3^°  +  g  (b  +  h0  Vl  +  m 2 )  ?  (4.19) 

e 

rAe  k3  -  K03(J)(J)Hu,neHT  (J)njiBTpau,nn  3KpaHa;  e  -  TOJiinnHa  3KpaHa;  b  -  mnpnHa 
KaHana  no  Any. 

^BH^KeHne  boabi  noA  3KpaHOM  npn  stom  nponcxoAHT  c  HenojiHMM  3a- 
nojmeHneM  nop  rpyHTa. 


1.4.2.  rHApaBJiHHecKHe  TJieivieHTbi 
jKHBoro  ceneHHH  noTOKa  b  KaHajie 

^jia  HanSonee  nacTO  BCTpenaioiHHxcn  nonepemmix  ceneHnn  KaHanoB 
(pnc.  4.8)  3annmeM  (J)opMyjiBi,  cnyncanme  ajm  onpeAeneHHn  BejinnnH  co,  y  n  R 
(rAe  co  -  nnomaAB  ncHBoro  ceneHHn;  %  -  CMoneHHBin  nepnMeTp;  R  -  rnApaBJin- 
necKHH  paAnyc). 

CHMMeTpHHHoe  TpanepeiiAanbHoe  nonepeHHoe  cenemie  (pnc.  4.8,  a). 
3Aecb  b  -  mnpnHa  KaHana  no  Any;  h0  -  rjiySmia  HanoimeHnn  KaHana;  m  -  ko- 
3(j)(j)HU,HGHT  OTKOCa, 

m  =  ctg  \|/,  (4.20) 
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rae  yron  \|/  3aaaiOT  He  no  cooSpaaceHnaM  rnapaBJinnecicoro  pacneTa,  a  ynnTbi- 
Baa  ycTOHHHBOCTb  rpyHTa  OTKOca  (ecan  otkocbi  KaHana  oSpaayiOTca  HecKanb- 
hbim  rpyHTOM).  ninpHHa  noTOKa  noBepxy 

B  =  b  +  2  mh.  (4.21) 


Phc.  4.8.  IIpHMepbi  nonepenHoro  ceneHHa  KaHajiOB 

BejiHHHHBi  acHBoro  ceneHna  co  h  CMoneHHoro  nepHMeTpa  %  yaoSHO  bbi- 
HHCJiaTB  no  cneayiomHM  reoMeTpnnecKHM  3aBncnMOCTaM: 

co  =  (b  +  mh)h0,  (4.22) 


%  =  b  +  2h^\  +m3  .  (4.23) 

3Haa  co  n  y,  onpeaemnoT  R: 

R  =  co/x-  (4.24) 

HHoraa  npn  pacneTe  KaHanoB  nojib3yK>Tca  noHaTneM  OTHOCHTejibHon 

nnipimbi  KaHaaa  no  any 

[3  =  b/h0.  (4.25) 

BejiHHHHbi  co  n  x  nepe3  P  BbipaacaiOTca  caeayiomHM  o6pa30M: 

co  =  /zo2(P  +  m), 


%=  h0(fi  +  2Jl+m  ). 
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(4-26) 

(4.27) 


IIpHMoyrojibHoe  nonepenHoe  ceneHHe  (pnc.  4.8,  6).  3gecb 

B  —  b;  m  =  ctg  90°  =  0, 

co  =  bh0,  x  =  b  +  2 ho.  (4.28) 

B  cjiynae  BectMa  ninpoKoro  npaMoyrojibHoro  pycna 

l=b.  (4.29) 

TpeyrojibHoe  nonepenHoe  ceneHHe  (pnc.  4.8,  e).  3gect» 

b  =  0;  B  —  2mho, 

(n^mh2,  %  —  2h0^l  +  m2  (4.30) 

IlapaSojiHHecKoe  nonepenHoe  ceneHHe  (pnc.  4.8,  2).  YpaBHemie  napa- 
6ojibi,  o6pa3yK)meii  nepHMeTp,  HMeeT  bh g 

t  =  2py.  (4.31) 

1.4.3.  PacneT  TpanepeH^ajibHbix  KaHajiOB 
Ha  paBHOMepHoe  /jBii/KGHHe  bo^m 

TpanepeHgajibHBie  KaHajibi  xapaxTepniyiOTCH  mecTBK)  BejniHMnaMn:  b,  h, 
m  (oth  TpH  BejiHHHHBi  pejiHKOM  onpegejBHOT  pa3Mepbi  >KHBoro  ceneHHa  KaHa- 
Jia),  n,  i,  Q  hjih  b  =  Ql®.  HeKOTOpbie  H3  npHBegeHHBix  bcjihhhh  6biBaiOT  3aga- 
hbi  TeMH  hjih  gpyrHMH  ycjiOBHaMH  npoeKTHpOBaHHa.  3agana  rHgpaBJiHHecicoro 
pacneTa  oObihho  coctoht  b  tom,  hto6bi,  3Haa  miTb  H3  Ha3BaHHBix  bcjihhhh, 
HaiigH  mecTyK).  Hn>Ke  paccMOTpHM  npHMepbi  pemeHHa  Taicoro  poga  BonpocoB, 
CB^3aHHbix  c  pacneTOM  h  npoexTHpOBaHHeM  KaHajiOB  [4]. 

3a^aHH,  b  KOTopbix  >KMBoe  ceneHHe  KaHajia  3a^aHO,  t.  e.  b  hhcjio  3a- 
flaHHblX  BeJIHHHH  BXOflHT  6,  fl0  H  lit.  3tH  3agaHH  pemaiOTOI  HenOCpegCTBeHHO, 
6e3  nogSopa  hckomoh  bcjikhkhli. 

nP  h  m  e  p  1.  ,I(aHbi  Bee  pa3Mepbi  jkhboto  ceHemm  (t.  e.  Beaiimiiibi  b,  h ,  m ), 
yxjiOH  gHa  i  h  K03(|)cj)Hu,eHT  mepoxoBaTOCTH  n.  TpeSyeTca  HaiiTH  mecTyK)  bcjih- 
HHHy  -  pacxog  Q  boabi  b  xaHajie. 

PemeHHe.  1.  3Haa  pa3Mep  jkhboto  ceneHHn,  HaxogHM  co  h  y  no  3aBH- 
chmocthm  (4.26),  (4.27). 

2.  OnpegejiaeM  R  =  co/x- 

3.  3Haa  R  h  n,  no  Ta6ji.  3.3  HaxogHM  K03(Jxf)Hu,HeHT  IlIe3H  C. 

4.  3Haa  C  n  R,  onpegejiaeM  b: 

v=c  VrT. 

5.  3Haa  b  n  co,  HaxogHM  Q 

Q  =  COB. 
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nP  h  m  e  p  2.  ,Z],aHLi  Bee  pa3Mepbi  mmoro  ceneHmi  (t.  e.  BejnmHHbi  b,  h, 
m),  n  h  Q.  TpeSyeTca  HaiiTH  mecTyK)  BejiHHHHy  -  Hen3BecTHyK)  i,  t.  e.  yxnoH 
A  Ha  xaHana,  npn  kotopom  KaHan  3a^aHHoro  nonepemioro  ceneHmi  h  rnepoxo- 
BaTOCTH  Sy^eT  nponycicaTB  3a/iaHHbiH  pacxo#  Q. 

PemeHHe.  1.  Tax  >xe,  xax  h  Bbinie,  HaxoflHM  BejiHHHHbi  co,  %,  R,  C. 

2.  3Haa  co,  HaxoflHM  x> : 

i)  =  Q/  co. 

3.  IIo  (j)opMyne  BbiHHCjnieM  yKJiOH: 

i  =  x>2 /C2R. 

3a^aHH,  b  KOTopbix  >KMBoe  ceneHHe  KaHajia  He  3a^aHO,  t.  e.  b  hhcjio 
HCKOMbIX  BeJIHHHH  BXOflHT  b  HJIH  fl0  (x03(j)(f)HII,HeHT  OTKOCa  Jfl,  xax  npaBHJIO, 
3a^aH  flna  rHflpaBJBmecxoro  pacneTa).  3a^aHH  otoh  rpynnbi  Bceryja  pemaiOTca 
nyTeM  no,zi6opa  hcxomoh  BejiHHHHbi. 

nP  h  m  e  p  3.  ^aHbi  m,  b,  n,  i,  Q.  TpeSyeTca  HaiiTH  niySHHy  HanojiHe- 
hh a  xaHana  ho. 

PemeHHe.  1.  HaxoflHM  MOflyjib  pacxo.ua,  xoTOpbiM  flOjnxeH  xapaxTe- 
pH30BaTE.ca  paccHHTBiBaeMbiH  xaHaji.  3tot  MOflyjib  Sy^eM  Ha3biBaTB  HeoSxo- 
flHMbiM  h  oSoaiianaTb  nepe3  KHe o6x: 


2.  CocTaBJiaeM  TaSjiHiiy: 


N°  n/n 

BcjiHHHiia  hjih  pac- 
Hcniaa  (J)opMyjia 

EflHHH- 
U,a  H3- 

MCpeilHM 

3aaaBacMbic  h  neooxoaHMbic 
HHCJIO BbIC  BliaHCHHa  h 

ripHMCHaiiHa 

1 

ho 

M 

hi 

h2 

h 

a4 

m  =... 

2 

mho 

M 

b=... 

3 

b  +mho 

M 

4 

a>=  (b  +mho)ho 

2 

M 

5 

h(2  yj  1  +m 2) 

M 

2a/i  +  m2  =  ... 

6 

A  +  p(2A/l  +m 2) 

M 

7 

R  =  ®/x 

M 

Ilo  (|)op\iyjie 

8 

C 

J-" 

IIpH  n  =... 

9 

4q 

Vm 

10 

K=cdC  -JY 

m3/c 

no  (j)opMyjie  (4.3),  b  xoTOpoii  3a^aeMca  pa^OM  3HaneHHH  ho,  co,  fljia  xa>x- 
floro  ho  BblHHCJIMeM  COOTBeTCTByiOHlHH  MO^yJib  pacxo^a  K. 
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3.  no  flaHHBIM  1-Ii  H  10-Ii  CTpOK  Ta6jIHH,BI  CTpOHM  Tpa(j)HK  (pHC.  4.9). 


Phc.  4.9.  TpatfiHKH  K  =f  ( h )  h  K  =/ ( b ) 

4.  no  rpac})HKy,  3Haa  KHeo5x,  Haxo^HM  HCKOMoe  h,  KaK  noica3aHO  Ha 
Phc.  4.9,  6  (cm.  hncK). 

npHMenaHH  a: 

1.  Hmcjio  tohck  fljia  onpcacjicnna  hmK  ^ojdkho  6biTb  paBHO  4. 

2.  KpHBaa  K  =  f  (h)  HMeeT  BbinyKJiocTb,  oSpamcnnyio  b  CTopoHy  och  h  h  npoxofla- 
myio  nepe3  Hanajio  KoopaimaT  (Tax  KaK  npn  /zo  —  0  3HaHemie  K  =  0). 

II  p  h  m  e  p  4.  JlaHbi  m,  h,  n,  i,  Q.  TpeSyeTca  no^oSpaTb  HeoSxoflHMyio 
HiHpHHy  xaHana  b  no  ^Hy. 

P  e  hi  e  h  h  e.  1.  Haxo^HM  hcoSxoahmlih  MO^yrn.  pacxo,na: 

-^Oieoox  Q !  • 

2.  CocTaBJiaeM  TaSjiHuy,  b  KOTOpoii  3a,o,aeMca  paaoM  anaHemni  b,  h  ana 
Kaac^oro  b  BBinncjiaeM  cooTBeTCTByiomHH  MO^ynb  pacxo^a  K: 


N°  n/n 

BcjiHMHiia  hjih  pac- 
wcTiiaa  (|)opMyjia 

E^HiiHua 

H3MepeHHB 

Sa^aBacMbic  h  ncoSxo^HMbic 

HHCJiOBbic  3HaneHHa 

npHMenaHHB 

1 

b 

M 

b\ 

bi 

b4 

2 

b  +  mh 

M 

m  =...; 

mh  =... 

3 

co=  (b  +  mh)h 

M2 

h  =  ... 

4 

%  =  b  +  2hijl  +m 2 

M 

2/z  Vi  +  m 2  =... 

5 

R  =  ®/l 

M 

6 

C 

1  0,5 

M 

i  c2 

Ilo  (jiopMyjie.. 

7 

M 

IlpH  n  =... 

8 

K  =  (oC^R 

M"Vc 
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3.  IIo  ^aHHBIM  1-H  H  8-H  CTpOK  Ta6jIHH,BI  CTpOHM  TpacflHK  K  =  f  (b) 
(pHC.  4.9,  e). 

4.  no  3TOMy  rpacj)HKy,  3Haa  o6x,  HaxoflHM  HCKOMoe  b.  KpHBaa  K  =f  ( b ) 
He  npoxoflHT  uepe3  Hauajio  KOOpflHHaT.  Moflyjib  K  ,  yica3aHHE>iH  Ha  rpacjiHKe, 
OTBenaeT  TpeyrojiBHOMy  pycjiy  (xor^a  b  —  0). 

nP  h  m  e  p  5.  ,Z],aHBi  m,  n,  i,  Q,  (3.  TpeSyeTca  HaiiTH  b  h  h. 

PemeHHe.  1.  HaxoflHM  HeoSxoflHMBiH  MO,nyjib  pacxo,na: 


2.  CocTaBJiaeM  TaSjiHiiy,  Rax  b  npHMepe  4,  ^onojunni  ee  o^hoh  CTpOKoii: 
b  —  [3/z.  B  3toh  Ta6jiHu,e  3a/iaeMca  pa^OM  3HaneHHH  h0  (b  CTpoxe  1)  h  3aTeM  b 
^onojiHHTejiBHOH  CTpoxe  2  paccHHTBiBaeM  cooTBeTCTByKDHiHe  3HaneHHa  b ;  no- 
cae  3Toro  BBiHHCJiaeM  cooTBeTCTByiomHe  3HaneHHa  K. 

3.  Ctpohm  rpacj)HK  K  =/  ( h )  (pnc.  4.9,  6). 

4.  3Haa  ho,  onpe^ejiaeM  b  {b  =  (3/zo).  BejiHHHHy  (3  mo>kho  onpeflejimr.  H3 
BBipaaceHHa  ujih  THApaBJiHuecxH  naiiBbiroancHuieH  (J)opMBi  Kanana: 

P„  (*/*)„  =  2  (Vi  +  m2  —  m). 

3a^aHH,  b  KOTopbix  cpe/iH  3a^aHHbix  bcjihhhh  ecTb  cpe^HHH  cko- 
pocTb  v.  PaccMOTpHM  hx  peuieHHe  Ha  npHMepax. 

nP  h  m  e  p  6.  ,Z],aHbi  m,  b,  h  (t.  e.  3a#aHO  acHBoe  ceueHHe),  n,  x>.  Tpe6y- 
eTca  HaiiTH  Q  h  i. 

PeuieHHe.  1.  BbiHHCJiaeM  nuoma^b  >rhboto  ceueHHa  co: 

co  —  (b  +  mh )  h. 

2.  HaxoflHM  pacxofl  Q' 

Q  =  coo. 

3.  Onpe^ejiaeM  yxjiOH  /pia  i: 

i  =  v2/C2R, 

r^e  C  h  R  Jierxo  Moryr  6bitb  HaH^eHLi  npeflBapHTejibHO  (cm.,  HanpHMep,  npn- 
Mep  1). 

nP  h  m  e  p  7.  ,Z],aHbi  a)  m,  n ,  Q ,  d;  6)  o^Ha  H3  bcjihhhh  -  h0  hjih  b.  Tpe- 
oyeTca  HaiiTH:  a)  yxjiOH  i;  6)  BeaiiHiiny  b  hjih  h. 

PeuieHHe.  1.  BbiHHCJiaeM  nuoma^b  >rhboto  ceueHHa  co 

co  =  Qlx>. 

2.  HMeeM  H3BecTHoe  reoMeTpHuecKoe  ypaBHeHHe 

co  =  (b  +  mh)  h0, 

3to  ypaBHeHHe  co,nep5RHT  o^ho  HeH3BecTHoe  -  b  hjih  ho.  Pernaa  ^amioe  ypaB¬ 
HeHHe,  HaxoflHM  HeflOCTaiomHH  pa3Mep  jrhboto  ceueHHa. 
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3.  Ykjioh  i  onpe,nenneM  no  (jiopMyne 

i  =  x>2 /C2R. 

nP  h  m  e  p  8.  ^aHM  m,  n,  Q,  i,  n.  TpeOyeTcn  Hanra  b  n  h. 

P  e  m  e  h  h  e.  1.  BBinncnneM  BejinnnHy  co  n  MO^ym.  ckopocth  W: 

co  =  Q/v  =A, 

W=vNi  =  B. 

2.  3anncbiBaeM  cncTeMy  AByx  ypaBHeHHH  c  flByMH  Hen3BecTHBiMn: 

CO  =  (b  +  mho)  ho  =/i  (b,  h0), 

W=c4R=f2(b ,  h0). 

3Ta  cncTeMa  H3  AByx  ypaBHeHnn  MonceT  6bitb  nepenncaHa  b  Bn^e 

( b  +  mho )  h0  =  A, 

c4r=b, 

r^e  An  B  -  H3BecTHBie  nncna; 

3.  HcKOMtie  BejinnnHBi  HaxoflHM,  pernan  yKa3aHHyK)  cncTeMy  ypaBHeHnn 
c  Hen3BecTHBiMH  b  h  ho  (nyTeM  no^Sopa  hjih  rpacfinnecKH). 


1.5.  IIpHMepbi  THapaBJiHHecKoro  pacneTa  KaHajia 

1.5.1.  Onpe,a;eneHiie  reoMeTpHHecKHx  pa3MepoB  KaHana 

n  P  h  m  e  p  9.  IIofloSpaTB  ceneHne  OTBOAnmero  Tpanepen^ajiBHoro 
opocHTenBHoro  KaHana  ot  perynnTOpa  npn  MaKCHMajiBHOM  pacxo^e  boabi  b  Ka- 
Hane  Q  =  18  m  /c,  K03(j)(j)nu,neHT  otkocob  KaHana  m  =  2,5,  yKJiOH  ^Ha  KaHana 
J=  0,0008. 

P  e  hi  e  h  h  e.  ,ZI,na  onpenenenwi  reoMeTpHHecKHx  pa3MepOB  KaHana  b  h  ho 
(cm.  pHC.  4.8,  a)  3a^aeMcn  neTBipBMn  rnyOnHaMH  boabi  b  KaHane  ho  —  1;  2;  3;  4 
m;  npn  HiHpHHe  KaHana  no  ^Hy  b  =  3  m,  Haxo^HM  co,  %,  R,  C,  K,  npn  K03(j3(j)Hii,H- 
eHTe  mepoxoBaTOCTH  n  =  0,015  c  oOnnijOBKOH  otkocob  H3  cOopHBix  ncene3o6e- 
TOHHBIX  nnHT. 

PacneTBi  npe^CTaBnneM  b  BH^e  TaSnmjBi: 


n/n 

h0 

2 

co  =  (b  +  mho)ho,  m" 

X  =  b  +  2ho^l  +  m2  ,  m 

R  =  co/x,  m 

C,  m0,5/c 

K=  cdCAr,  m3/c 

1 

1,0 

5,5 

8,38 

0,66 

63,2 

281,6 

2 

2,0 

16,0 

13,8 

1,2 

38,2 

1  189,0 

3 

3,0 

31,5 

19,1 

1,65 

70,7 

2  861 

4 

4,0 

52,0 

24,5 

2,0 

72,4 

5  308 
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noHcmiM  pacHCT  Ha  npHMepe  nepBon  CTpOKH  3toh  TaOnimbi  npn  ho  =  1  m: 

1 .  Rnomaat  nonepenHoro  ceneHna  KaHana 

CD  =  (3  +  2,51)1  =  5,5  M2. 

2.  ^Jimra  CMOHeHHoro  nepHMeTpa 

X  =  3  +  2  •  1  Vl  +  2,52  =  3  +  2  •  2,69  =  8,38  m. 


3.  r H^paBJiHHecKHH  paanyc 

R  =  5,5/  8,38  =  0,66  m. 


4.  3HaneHiie  pacneTHon  xapaicrepHCTHKH 

K=  5,5  •  63,2  •  7^66  =  347,6  •  0,81  ~  282  m3/c. 

3HaneHHa  K03(})(J)HH,HeHTa  LLIe3H  C,  m0,5/c,  onpeaeJweM  no  Ta6n.  3.3,  ko- 
3(|)(j)HH,iieHT  mepoxoBaTOCTH  fljia  5Kejie3o6eTOHHbix  njiHT  -  no  Ta6n.  4.2. 

Ha  OCHOBaHHH  3TOH  Ta6.JIHU,bI  nOCTpOHM  rpacjDHK  ho  =f{K)  (pnc.  4. 10). 

,Z],jia  onpeaeaennH  raySnHbi  noTOxa  b  Kanaae  npn  ero  ninpnHe  no  any 
b  —  3  m  BbimicaaeM  pacxoanyio  xapaxTepncTnxy: 


K  = 


18 

Vo, 008 


18 

0,028 


643m3/c. 


no  rpacjDHKy  (pnc.  4. 10)  mySmia  b  Kanane  A0  =  1,6  m  npn  pacxoae  18  m  /c. 


Phc.  4.13.  rpa(|)HK  k  onpeaejieHHio  rjiy6HHbi  boab>i  b  KaHajie  ho: 

1  -  ho  npn  b  =  3,0  m,  m  =  2,5;  2  -  ho  npn  b  =  1,5  m,  m  =1,5 

rnapaBJinnecKH  HanBbiroaHeHmen  (J)opMon  nonepenHoro  ceneHna  xaHa- 
na  npn  xoa^cjDHpneHTe  OTxoca  m  =  2,5  6yaeT  b/ho  =  0,385  (cm.  Ta6ji.  4.1). 
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B  flaHHOM  cnynae  pr.H  =  3/1,6  =  1,87,  cne^OBaTenBHO,  npHroman  HiHpHHa  KaHana 
no  ^Hy  b-  3  m  npn  yKJiOHe  i  =  0,0008,  K03(J)(J)Hu,HeHTe  OTKOca  m  =  2,5  nBnneTcn 
rHflpaBJinnecKH  HeBBiroflHBiM  cenemieM,  t.  e.  prH  =  1,87  >  0,385.  Hcxo^n  H3 
3Toro  HeoSxoflHMO  H3MeHHTB  ceneHHe  KaHana.  IIpHHHMaeM  mnpnHy  KaHana  no 
flHy  b  =  1,5  npn  m  =  1,5,  i  =  0,0007  h  pacneT  npOH3BOflHM  TaKnce  b  TaSnHHHOH 
(|)0pMe: 


ho,  M 

2 

co  =  (b  +  mho)ho,  m 

X  =  b  +  +  ,  m 

R  =  co/x,  m 

C,  m0-5/c 

K=  coC^R,  m3/c 

1,0 

3,0 

5,1 

0,6 

62,6 

146 

2,0 

9,0 

8,7 

1,03 

66,7 

609 

3,0 

18,5 

12,3 

1,5 

70,1 

1  545 

HaxoflHM  3HaneHHe  pacneTHoil  xapaKTepHCTHKH  K : 


K  = 


18 

^0, 008 


18 

0,028 


643m3/c. 


ITo  rpacj)HKy  (pnc.  4.10)  onpe^enneM  rnySnHy  boabi  b  KaHane:  ho  =  2,2  m 
(nyHKTHpHan  KpHBan). 

ITpOBepneM  ycnoBne  pr.H  =  blh  =  1,5  /  2,2  =  0,68  ~  0,61  npn  m  =  1,5,  hto 
flonycTHMO,  t.  e.  ceneHne  npn  b  —  1,5  h  m  —  1,5  nBnneTcn  rHflpaBnHnecKH  Han- 
BBiroflHeHHiHM  ceneHHeM  KaHana. 

BBiHHcnneM  mnpHHy  KaHana  noBepxy  no  (J)opMyne  (4.21): 

B  —  b  +  Imho  =  1,5  +  2  •  1,5  *  2,2  =  8,1  m. 

ITocne  onpe^eneHnn  HaHBBiroflHeHHieii  (J)opMBi  ceneHHn  HeoSxoflHMO 
npoH3BecTH  npOBepKy  aneMeHTOB  KaHana  Ha  Hepa3MBiBaeMOH  h  He3aHnniomeH 
CKOpOCTnX. 

PaccHHTaHHBie  npn  npoeKTHpOBaHHH  runpaBnuwecKMe  oneivienTBi  KaHana 
^onncHBi  co3^aTB  TaKyio  cpeflmoio  ckopoctb  flBHnceHHn  boabi,  hto6bi  o6ecne- 
hhtb  BBinonHeHne  ycnoBHn  (4.8): 

HH3  <  D  <  Dep, 

r,ne  nH3  -  He3aHnnK)man  ckopoctb  (^nn  cpe^Hero  ^naMeTpa  nacTHu,  HaHOCOB, 
B3BemeHHBix  b  noTOKe),  onpe^enneMan  no  (J)opMynaM  (4.11)  h  (4.12);  nHp  -  He- 
pa3MBiBaiOHian  ckopoctb  (zpin  cpe^Hero  ^naMeTpa  nacTHu,  rpyHTa  dcp  Ha  flHe 
HeyKpenneHHoro  pycna  KaHana),  paccnHTBiBaeMan  no  Ta6n.  4.4;  x>  -  cpe^Hnn 
ckopoctb  noTOKa,  onpe^enneMan  no  (J)opMyne  (4.9). 

Cpe^HHH  nnaMCTp  Hacxim  riccHaiiBix  h  k p y ri n o o 6 n o m o h ii b i x  rpyHTOB 
BBiHHcnniOT  KaK  cpeflHeB3BemeHHBiH  no  (j)opMyne 

dcp^dr  PiiTZPu  (4-32) 

r,ne  di  h  p,  -  ^HaMeTp  h  npopeHTHoe  coflepncamie  (no  Macce)  Kanc^OH  nacTHu,Bi. 
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CBM3HLIX  rpyHTOB  oHp  onpe,nenneTcn  no  Ta6n.  4.5  n  3aBncnT  ot  rny- 
6hhbi  noTOKa  ho\,  y^ejiBHoro  cpenneHnn  Menc,ny  nacTHpaMH  rpyHTa  c,  ITa 
(cm.  Ta6n.  4.5),  n  coflepncamin  nerKOpacTBOpHMBix  conen. 

,Z],nn  OKOHnaTejiBHO  npnHnToro  HaHBE>iroflHenmero  ceneHnn  KaHana 
npn  m  =  1,5,  6  =  1,5  m,  ho  =  2,2  m  onpe,nenneM: 

1)  cpeflHKDK)  CKOpocTB  noTOKa  no  (J)opMyjie  (4.4).  ,Z],nn  nero  HeoSxoflHMO 
npeflBapHTejiBHO  paccwraTE. 

co  =  (1,5  +  l,5-2,2)-2,2  =  9,1  m2, 

X  =  1,5  +  22,2 -^/l  + 1,52  =  9,42  m, 

R  =  9,1/  9,42  =  0,97  m 

n  no  Ta6n.  3.3  npn  n  =  0,015  ycTaHOBnTB  K03(f)c|)HH,HeHT  IlIe3H  C=  66,4  m°’5/c. 

CornacHO  nojiyneHHBiM  ^aHHtiM  cpe^Hnn  CKOpocTB  b  KaHane 

ncp  =  66,4  -> JO, 91  •  0,0007  =  1,73  m/c; 

2)  cpeflHKDK)  Hepa3MtiBaK)myK)  CKOpocTB  noTOKa  b  KaHane,  o6nnn,OBaH- 
hom  SeTOHOM  KJiacca  B  =  10.  npn  rnySiine  noTOKa  ho  =  2,2  m  cornacHO  Ta6n.  4.6 
hH p=  14,35  m/c; 

3)  He3annnioinyio  CKOpocTB  no  (J)opMyne  (4.11),  a  3HaneHne  Koscjnjnmn- 
eHTa  e  no  (f)opMyjie  (4.12).  By^eM  cwraTE.,  hto  nepe3  noTOK  npoxo^HT  BO^a  H3 
BOflOxpaHHJinnia,  co^epncaman  B3BemeHHBie  HaHOCBi  co  cpeflHHM  ^naMeTpOM 
dc p  =  0,2  mm  n  npopeHTHtiM  coflepncaHneM  (no  Macce)  p  =  0,25  mm.  Tor^a 

e  =  (0,1-0, 2/ ^025  -0,0225/0,015  =  (0,02/0,5)- 1,5  =  0,06. 

He3annnioinan  cxopocTt  paBHa 

i)h3  =  0,06  7^,25  =  0,03  m/c. 

npOBepaeM  ycnoBne  (4.8):  0,03  <  1,73  <  14,35. 

TaKHM  o6pa30M,  MarncTpanE.HE.in  Kan  an  6yneT  3KcnnyaTnpOBaTE.cn  6e3 
3anneHnn  n  pa3ME>iBa  KpenneHnn  KaHana. 

1.5.2.  Onpe^eneHHe  noTepb  bo^w  H3  KaHana  Ha  (JmnbTpauHio 

ITpn  npoeKTHpOBaHHH  KaHanoB  ^nn  yMeHE.ineHnn  (J)nnE.Tpau,nn  npe^y- 
c MaTpHB aiOT  MeponpnnTnn  no  3aKpenneHHio  sneMeiiTOB  KaHana  nyTeM  ycTpon- 
CTBa  npoTHBO(j)HnE.Tpau,HOHHE.ix  3KpanoB  toh  nnn  hhoh  KoncTpyKmin,  pa3pa6oTKy 
MeponpnnTnn  no  npennpoBannio  npnneraioinHx  k  xaHany  TeppHTOpnn  [7], 

nP  h  m  e  p  10.  Onpe^ennTE,  noTepio  bo,he>e  H3  KaHana  Ha  (J)nnE,Tpau,nio. 
KaHan  3KpaHHpOBaHHE>in  ncene3o6eTO  n  n  bi  m  m  nnnTaMH. 
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HcxoflHBie  aaHHBie:  pacxoa  Q—  18  m  /c;  HiHpHHa  KaHana  no  any  b—  1,5  m; 
rnySwia  BoaBi  b  KaHane  ho  =  2,2  m;  Tonmmia  3Kpana  e  —  15  cm;  K03(J)(J)Hu,HeHT  ot- 
Koca  m  =  1,5;  K03c})(l)imiienT  cjninBTpamiM  3Kpana  k3  =  0,5-10”  cm/c  =  0,5  •  10  m/c; 
rpyHT  ocHOBaHna  nnoTHHBi  -  cyrnnHOK. 

P  e  m  e  h  n  e.  OnpeaenneM  yaejiBHBin  (j)HJiBTpau,HOHHBiH  pacxoa  H3  3k- 
paHHpOBaHHoro  KaHana  6e3  yneTa  noanopa  no  (J)opMyne  (4.19)  Ha  1  m  aaHHBi 
KaHana: 

q  =  0,000  000  05-(2,2  +  0, 1 5)/0,l 5(1 ,5  +  2,2sj\  +  \,52)  = 

=  0,000  000  78  •  8,72  =  0,000  006  8  m3/c. 

Hcxoaa  H3  yaenBHoro  pacxoaa  q ,  mo>kho  onpeaennTB  yaejiBHBin  pacxoa 
Ha  (J)HJiBTpau,nK)  no  Been  aamie  KaHana  c  yneTOM  epoxa  ero  3KcnjiyaTau,nn 
(Ta6n.  4.10). 


Ta6jiHu,a  4.10 


3HaHeHHH  ocpeaHeHHoro  K03<])<l)imHeHTa  (|)ii.ii>Tpamm  k$ 
H  OpHeHTHpOBOHHBIH  cpoK  cJiyacSbi  T  oSjihuobkh  KaHaJIOB 


Thii  oSjihuobkh 

k$,  cm/c 

T,  i  on 

Bcxomiafl  MonojiHi  iiaa 

VO 

1 

O 

1 

VO 

1 

O 

15-20 

’jKcjiC'ioociomiaa  MOHonirmaa 

2,5  •  10“6— 3,5  •  10“6 

20-25 

BcionoiiJicnomiaa  MOHonirmaa 

1  •  10“7-i  .  pr6 

20-25 

7Kejie3o6eTOHHaa  cSopHaa 

0,5  •  10  5-2  •  10‘4 

30-35 

Ac(|iaj  i  bToScTO  m  iaa 

1  •  10"6-i  •  1Q“5 

10-15 

3KpaH  H3  nojiHMepHoii  nneHKH 

VO 

1 

O 

J 

O 

20-30 

3xpaH  H3  rJIHHHCTBIX  rpyHTOB 

1  •  10-10' 6 

35-40 

np  h  m  e  p  11.  OnpeaeJiHTB  yaejiBHBin  (j)HJiBTpau,noHHBiH  pacxoa  q  h 
aJiHTejiBHOCTB  npoMaHHBaiiHH  t  H3  HesKpamipOBaHHoro  KaHana  Ha  aByxcnoii- 
HOM  OCHOBaHHH  (CM.  pHC.  4.7,  6). 

HcxoaHBie  aaHHBie:  moihhoctb  nepBoro  cnon  81  =  1,7  m  (cynecb),  Koscji- 
(J)Hu,neHT  (j)HnBTpau,HH  k\  =  1-10  cm/c  =  1-10  m/c;  moihhoctb  BTOporo  cnon  52 
=  8,5  m  (cyrnnHOK),  mince  3aneraeT  rnHHa  nnoTiiaa,  K03(jnj)Hii,HeHT  (j)HnBTpau,HH 

_ r  _ o 

BTOporo  cnon  k2=  M0  cm/c  =  1-10  m/c;  ypOBeHB  rpyHTOBBix  Boa  (VTB)  - 
4,3  m  Hnnce  ana  KaHana;  ypOBeHB  Boati  b  KaHane  h0  =  2,2  m;  HinpHHa  KaHana  no 
ype3y  Boati  b  KaHane  5  =  8m;  BnancHOCTB  rpyrnn  BTOporo  cnon  We  —  15%,  ko- 
3(ji(jiHii,HeHT  nopHCTOCTH  BTOporo  cnon  e2  =  0,51;  m  =1,5. 

PemeHHe.  1.  BbimicnneM  yaenBHBiil  (J)HnBTpau,HOHHBiH  pacxoa  nepBO- 
ro  cnon  no  (JiopMyne  (4.19). 

ITpeaBapHTenBHO  onpeaenneM  K03(jKj)Hii,HeHT  A  no  Ta6n.  4.9  npn  B/ho  = 
=  8/2,2  =  3,6.  Tax  KaK  b  TaSnmje  OTcyrcTByiOT  aaHHBie  aan  B/ho  =  3,6,  npnHH- 
MaeM  a-JiB  B/ho  =  5  h  m  =  1,5,  cneaoBaTenBHO,  A  =  2,5.  BbicoTy  KannnnnpHoro 
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noArorrmi  npHHHMaeM  hk~  0,35  pna  cynecH,  y  =  5i  =  1,7  m.  YpejiBHBiH  (|dhjilt- 
pau,HOHHMH  pacxop  SyzjeT  paBeH  Ha  1  m  pjihhbi  KaHajia: 

q  =  0,000  01-(8  +  2,5-2,2)[l  +  (2,2  +  0,35)/l,7]  =  0,000  338  m3/c. 

2.  PaccHHTMBaeM  pjiHTejibHOCTB  npoManHBaHHa  t\  no  (f)opMyjie  (4.16) 
(fljia  cynecn  npHHHMaeM  p  =  0,15): 


h  = 


0,15  -(2,2  +  0,35)[  17 


— ln(l  +  — +  0,35)]  = 
(2,2  +  0,35)  2,2 


0,000  01 

=  38  250,0- (0,67 -lnl, 67)  =  38  250-0,51  =  19  507,5  c, 
19  507,5 


h  ~ 


3  600 


24  =  0,23  cyT. 


3.  OnpepemieM  xapaKTep  (j)HJiBTpau,HOHHoro  noTOxa  bo  btopom  cnoe  b 
3aBHCHMOCTH  OT  COOTHOHieHHa  X03Cj)(f)HH,HeHTOB  (j)HJlBTpaU,HH  nepBOrO  H  BTOpO- 

ro  cjiojx 


k 

k2 


0,000  01 
0,000  000  01 


=  1000. 


IIpoBepaeM  ycjioBne  k\/k2  ><  5 1/(5 1  +  h0  +  hk ): 


1  000  >  1 - =  4,25, 

(1,7  +  2,2  +  0,35) 


cjiepoBaTejitHO,  noTOx  6ypeT  pBHraTBca  c  nojiHtiM  3anojiHeHHeM  nop  rpyHTa 
BOPOH. 

OnpepemieM  ypejiBHbra  cj)HJiBTpau,HOHHbiH  pacxop  no  (|)opMyjie  (4.15) 
(cm.  pnc.  4.7,  6). 

npepBapHTejiBHO  HeoSxopHMO  HaiiTH  3HaneHHa  ana,  Bxopamne  b 
(4.15),  no  cjDOpMyjie  (4.17): 


a  = 


(4,1 -1,7) 

(1,7  +  2,2  +  0,35) 


0,56, 


a  = 


0,000  01 


0,000  000  01 

[0,000  01-  8-  (4,1  -1,7)] 


=1000. 


0,56 


[(1  +  0,56)7(1,7  +  1000  -2,4)]  = 


=0,000  343-0,000  469  =  0,000  000  22m3/c. 


/JjiHTejiBHOCTb  npOMa+HBamni  t2  paccwraeM  no  (J)opMyjie  (4.16),  rpe  no- 
pHCTOCTB  BTOpOrO  CJIOfl 
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0,51 


«2  = 


(l  +  e)  (1  +  0,51) 


=0,34, 


tj  —  0,23  + 


(034-2,4) 

0,000  01 


1 000  1,7 


0,56  2,4 


1,7 


[0,56-ln (1+0,56)]-—- 0,56  =  19,4  cyT. 

2,4 


O  m  jiLTp  a  mi  o  n  n  b  i  e  noTepH  b  xaHaaax  unoraa  MoryT  obitb  3HawrenBH&i- 
mh,  no  cpaBHeHHio  c  pacneTHBiMH,  ocoSeHHO  ecnn  KaHajiBi  npoaoaceHBi  b  aer- 
KonpoHnpaeMBix  rpyHTax  (npn  Sojibhiom  xo3(ja|)HH,HeHTe  (j)HJiBTpau,HH),  to  fljia 
nx  yMeHtmeHna  npoBoaaT  cnemiajibHbie  Meponpunmun.  K  hhm  OTHoeaTca 
KOJiLMaTa^K,  ncKyccTBeHHoe  ynnoTHeHne  rpyHTOB,  nx  oconoHeHne  hjih  oraee- 
Hne,  a  Taxace  HecjiTeBaHHe  pycna  xanaaa. 

KojibMamajtc  npeacTaBaaeT  co6on  npopecc  yMeHBineHHa  nopncTOCTH 
rpyHTa  b  pe3yjiBTaTe  3anoaHeHHa  ero  nop  rjiHHHCTBiMH  nacrapaMH,  bhochmbi- 
mh  b  nopbi  rpyHTa  (jffljiBTpyioineH  Boaoii.  Ecjih  noTOK  boabi,  npoTexaiomHH  no 
KaHany,  coaepacHT  Taicne  MejiKne  B3BemeHHBie  nacmpBi,  to  stot  npopecc  HaeT 
ecTecTBeHHBiM  nyTeM.  B  npomBHOM  cnynae  rjiHHHCTBie  hjih  hjihctbic  nacmpBi 
BBoaaTca  b  noTOK  HCKyccTBeHHO.  KojiBMaTa^K  3(J)(|)eKTHBeH  b  necnaHBix  h  cy- 
necHanbix  rpyHTax. 

McKyccmeeHHoe  ymomnemie  zpynmoe  nyTeM  hx  yxaTXH  hjih  TpoMOOBa- 
HHeM  3HaHHTeJIBHO  CHHacaeT  (J)HJlBTpaU,HOHHBie  nOTepH  -  HHOT^a  B  HeCKOJIBKO 
aecaTxoB  pa3.  Tax,  npn  yMeH&meHHH  nopncTOCTH  necxa  Ha  5-6  %  b  cjioe  toji- 
ihhhoh  25  cm  K03(J)(J)Hu,HeHT  (j)HJiBTpaH,HH  yMeHBinaeTca  B  2  pa3a. 

OflHaKO  flJIHTeJIBHOCTB  npOTHBO(J)HJlBTpaU,HOHHOrO  3(J)(j)eKTa  B  3TOM  cay- 
nae  ao  HacToamero  BpeMeHH  He  ycTaHOBJieHa. 

Ocojionemie  zpywna  (tjihhhctoto)  npoH3BoaaT  nyTeM  hojihbkh  npeaea- 
pHTeJIBHO  pa3pBIXJieHHOH  nOBepXHOCTH  OTKOCOB  H  ffHSL  KaHaJia  paCTBOpOM  XJIO- 
pHCToro  HaTpna  (3,5  kt/m“)  c  nocaeayiomeH  yxaTxon  h  OTCBinxoii  3amHTHoro 
cjioa  H3  necxa  tojihjhhoh  b  hcckojibko  caHTHMeTpOB.  npn  stom  noTepH  Ha 
(|3HJiBTpau,HK)  CHnacaiOTca  npHMepHO  b  10  pa3.  3(f)(f)exT  ocoaoHemia  coxpaHaeT- 
ca  HecKOJiBKO  aeT,  nocjie  aero  HeoSxoanMO  noBTOpHTB  BecB  npopecc.  KpOMe 
toto,  npn  3tom  cnoco6e  3axpenaeHHa  rpyHTa  yMeHBmaeTca  ycTOHHHBOCTB  ot- 
kocob. 

McKyccmeeHHoe  ozneemie  zpynma  3aKjnonaeTca  b  coaaannH  ycaoBHH  ana 
o6pa30BaHHa  Tax  Ha3BiBaeMoro  raea  -  caoa  no+BBi,  (j)opMHpyiomeroca  b  pe- 
3yaBTaTe  /KiraieaeaTeaBnocTM  anaspoSiiBix  oaKTepnil,  oxasBiBaiomux  BOCCTa- 
HOBHTeaBHoe  BanaHne  Ha  cpeay  o6HTamia.  npn  stom  6yayr  BOCCTaHaBaHBaTB- 
ca  xax  MHHepaaBHBie  oxcnaHBie  coeanHeHHa,  Tax  h  opraHHHecxHe.  npn  pac- 
CMaTpHBaeMOM  cnocoSe  6opb6bi  c  (j)HaBTpau,HeH  opraHHnecxHe  BemecTBa  bho- 
caTca  b  BHae  cohombi,  xaMBima,  yxaaaBiBaeMBix  Ha  otxocbi  h  ano  xaHaaa  noa 
caon  rpyHTa.  Ko3(j)(|)HH,HeHT  (J)HaBTpau,HH  npn  stom  cmnxaeTca  b  aecaTXH  h 
COTHH  pa3. 
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Hecpmeeamie  aoaca  KaHaaa  3aKjnoaaeTca  b  o6pa6oTKe  rpyHTa  He(J)TBK), 
HHor^a  c  ^oSaBnemieM  n3BecTKOBoro  MOJiOKa.  Ha  1  m“  noBepxHOCTH  KaHaaa  b 
rpyHT  pycaa  npHxopHTca  HHorpa  poSbiBaaTb  ero  po  50-60  %  ot  pacxo,na  bopbi 
b  KaHane.  3to  npHBopHT  k  yBeaHaeHHio  ctohmocth  KaHaaa,  Tax  KaK  ero  npn- 
xoflHTca  BbinoaroiTB  Soabinero  ceaeHHa  paa  oSecneaeHHa  nponycxa  pacxopa 
6oabme  pacaeTHoro.  KpOMe  Toro,  noBbimeHHaa  (jDHabTpapHa  cnocoScTByeT  Ha- 
Cbimemno  BOfloii  rpyHTa  BOKpyr  KaHaaa,  Bbi3biBaa  npn  3tom  nopbeM  ypOBHa 
rpyHTOBbix  bop,  a  HHorpa  h  noTepio  ycTOHHHBOCTH  oSanpoBOK  BHyTpeHHHx  h 
HapyacHbix  otkocob  paM6  KaHaaa.  OcoSeHHO  onacHa  (j)HabTpau,Ha  npn  pacno- 
aoaceHHH  KaHaaa  Ha  Kocorope,  TaK  KaK  npn  HeSnaronpmrrabix  reoaorimecKMx 
ycaoBHax  OHa  MoaceT  Bbi3BaTb  onoa3HH.  nopbeM  rpyHTOBbix  bop  b  pape  cayaa- 
eB  MoaceT  npHBecTH  k  nopTonaeHHio  h  3a6oaaaHBaHHio  TeppHTOpHH. 

noaHbiii  (j)HabTpau,HOHHbiH  pacxop  Bopbi  H3  KaHaaa,  m  /c,  b  npopecce  ero 
3KcnayaTau,HH  MoacHO  onpepeamr.  no  (J)opMyae  Q  —  q  •  L,  rpe  q  -  ypeabHbin 
(|)HabTpau,HOHHbiH  pacxop  Ha  1  nor.  m  KaHaaa;  L  -  paHHa  KaHaaa.  noaTOMy  He- 
pearo  pa  a  nporao3a  noTepb  Ha  (JmabTpapHio  Hcnoab3yK)T  paaaHHiibie 
3MnnpHHecKHe  (J)opMyabi  nan  peKOMeHpapHH,  noayaeHHbie  Ha  ocHOBaHHH 
onbiTa  3KcnayaTau,HH  KaHaaoB.  TaK,  HanpHMep,  HaSaiopeHHa  3a  KaHaaaMH  no- 
Ka3biBaK)T,  hto  npn  £?  =  30-100m/c  pa  a  cpepHenpoHHpaeMbix  rpyHTOB  noTepn 
Ha  (j)HabTpaH,HK)  cocTaBaaiOT  0,2-0, 5  %  ot  pacxopa  Ha  1  km  paHHbi  KaHaaa,  a 

a 

paa  HeSoabHiHx  KaHaaoB  npn  Q  =  1-50  m  /c  -  3-4  %. 
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r  ji  a  b  a  2 


nO^nOPHBIE  CTEHKH 
HA  TH^POTEXHHHECKHX  COOPY2KEHHHX 


2.1.  ThSkHC  CTeHKH 

rH6KHe  noflnopHLie  CTemoi,  ruaBHBiM  o6pa30M  H3  ^epeBaHHoro,  MeTan- 
jiHnecKoro  hjih  5Kene3o6eTOHHoro  mnyirra,  Ha3BiBaiOTCfl  umynmoebiMU.  npH 
3HaHHTenBHOH  BBicoTe  ohh  ^ejiaiOTca  aHKepHBiMH  (pHC.  4.11),  amcep  pa3Mema- 
eTca  3a  npe^ejiaMH  npn3MBi  oSpymeHna. 


Phc.  4.11.  CxeMa  nomiopnoH  CTeHbi  H3  MCiajuiHHCCKoro  rnnyHTa:  1  -  CTeHKa  H3 
MeTajuiHHecKoro  rnnyHTa  Kopbi  inoro  npo^njia;  2  -  amcepHaa  njiHTa  H3  rnnyHTa; 

3  -  amcepHaa  Tara;  4  -  pacnpeacjimcjibiibm  noac  H3  flByx  hjbcjijicpob;  5  -  am 
xepHaa  Tara  Ty\i6oBoro  MaccHBa  (^Jia  npHnajinBamia  cynoB);  6  -  acejieaoSci  oinibiH 
manoHHbiH  6pyc;  7  -  orSomiaH  paMa;  8  -  rainca;  9  -  KJiHHOBaa  maM6a 

IIlnyHTOBBie  orpa/K/jemia  mnpoKO  npuMenaiOTca  npH  ycTpoilcTBe  rnySo- 
KHX  KOTJIOBaHOB  HH>Ke  ypOBHfl  rpyHTOBBIX  BO  £  H  OCOSeHHO  npH  CTpOHTeJIB- 
CTBe  rHflpOTeXHHHeCKHX  COOpyJKeHHH  npH  yCTpOHCTBe  npHHaJIBHBIX  CTeHOK 
(SojiBBepKOB),  mjiK)30B  fljia  nponycxa  cy^OB,  ycTpoilcTBe  SeperoBBix  coopy- 
5KeHHH  H  T.  n. 
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npH  B03BefleHHH  MOCTOBBIX  OnOp  B  pyCJie  peKH  (flJia  yCTpOHCTBa  aKBe^y- 
xa)  ripnivieninoT  nepeMBimcH  j\jik  orpa>KaenHa  KOTJiOBaHOB  ot  npiiTOKa  oxpy- 
jRaromeii  boabi  b  BBipaSoTKy. 

3HaHHTenBHoe  pacnpocTpaHeHHe  mnyHTOBBie  ctchkh  H3  MeTajunmecKiix 
mnyHTHH  (cBafi)  nojiynHJiH  npn  ycTpoficTBe  npmiajiOB  b  mopckhx  h  pemiBix 
nopTax  (pHC.  4.11). 

IIo  KOHCTpyKTHBHOMy  npH3HaKy  mnyHTOBBie  orpa/Knenmi  nonpasnena- 
iotoi  Ha  3aaHKepeHHBie  h  He3aaHKepeHHBie. 

3aaHKepeHHbie  lunyumoeue  cmewai  -  omia  H3  caMBix  tkohomhhhbix  h 
pacnpocTpaHeHHBix  KOHCTpyKii,HH,  nanoKiibix  b  3KcnayaTamiH  h  Mano  nyBCT- 
BHTeJIBHBIX  K  B03M0>KHBIM  nepeipy3KaM.  KpOMe  BBICOKHX  TeXHHKO- 
TKOHOMHnecKHx  noKa3aTejieii,  ctchkh  H3  MeTajuimiecKoro  mnyma  xapaKTepn- 
3yiOTCM  rpyHTOHenpoHHpaeMOCTBK)  h  MoryT  npHMemiTBai  npn  .nocTaTomio 
njiOTHBix  rpyHTax  ocnoBaniin,  b  KOTOpBie  norpy/Kemie  mnyiiTa  H3  npyrnx  Ma- 
TepHajiOB  3aTpy^HHTejiBHO. 

CTeHKa  paCCMaTpHBaeMOH  KOHCTpyKIl,HH  COCTOHT  H3  mnyHTOBBIX  CBail 
pa3JIHHHOTO  npO(j)HJia  (pHC.  4.12),  H3TOTOBJHieMBIX  H3  MapTeHOBCKOH  HJIH  KOH- 
BepTOpHOH  CTaJIH  MapKH  BCt.3.  B  OCO60  CypOBBIX  yCJIOBHUX  npHMeHUIOT 
mnyHTOBBie  CBan  H3  HH3KOJierHpOBamiOH  CTajin  MapKH  BHJ1-2  [6],  Hapa^y  c 
3thm  MeTajuiHnecKHe  mnyHTOBBie  ctchkh  mvieiOT  h  cepBe3HBie  He,nocTaTKH: 

•  Sojibihoh  y^ejiBHBiii  pacxo^  MeTajuia; 

•  HeSojiBmyio  mnpHHy  mnyma  (400-500  mm),  H3-3a  nero  noBBimaeTOi 
TpyZJOeMKOCTB  CTpOHTeJIBCTBa  (3a  eneT  nOflTOTOBHTeJIBHBIX  OnepaU,HH  H  3a6HB- 
kh  Sojibihoto  KOjnmecTBa  mnyHTOB); 

•  cjio>khoctb  aHKepHBix  ycTpOHCTB  h  HeoSxoflHMOCTB  b  ycTpOHCTBe  pac- 
npeflejiHTejiBHBix  6anoK  h  kjihhobbix  CBaii; 

•  HeoSxoflHMOCTB  «3aBOflKH»  KajK^OH  nocneflyiomeH  mnymroBOH  CBan  b 
3bmok  paHee  3a6HToii. 

IlepeHHCJieHHBie  He,nocTaTKH  othochtch  TaK5Ke  h  k  mnyHTOBBiM  CBauM  H3 
5Kene3o6eTOHa  h  ^epeBa. 

r pyHTOHenpoHHii,aeMOCTB  ctchok  H3  5Kene3o6eTOHHoro  mnyma  o6ecne- 
HHBaeTCM  3aMKOBBIMH  COCflHHCHIHIMH,  HMdOIHHMH  pa3H006pa3HBie  (jDOpMBI 

(pHC.  4.13). 

3aMKOBBie  coeflHHeHmi  b  BH^e  «na3  -  rpe6eHB»  hmciot  TpanepeH^ajiB- 
Hyio  cjiopiviy,  11110171  a  laKpyrnennyio  cjiopMy.  KaK  npaBHJio,  TOJimHHy  h  BBicoTy 
rpe6mi  ^ejiaiOT  MeHBine  mnpHHBi  h  bbicotbi  na30B  Ha  0,5-1  cm.  IIlnyHTBi  e 
TpanepeH^ajiBHoii  cjiopMoii  3aMKa  Ha  bcio  ^mmy  hmciot  cjieflyiomHe  pa3MepBi: 
mnpHHa  50  cm,  TOjmiHHa  20-35  cm,  .zyniHa  9,5-14  m.  IIlnyHTBi  apMHpyiOT 
CHMMeTpHHHO  pacnojiojKeHHOH  npeflBapHTejiBHO  Hanpa>KeHHOH  apMaTypoii 
KJiacca  A-IIIb.  npH  hx  HcnojiB30BaHHH  npHMemnoT  6ctoh  KJiacca  B  30  hjih  B  40. 
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Phc.  4.13.  >KcjiC3o6ciom[biH  rnnyHT  npaMoyrojibHoro  cchciihh:  a  -  c  Tpaneu,eH- 
aajibiibiMH  3aMKaMH  h  na3aMH:  1  -  apMaTypa  c  npcaBapmcjibiibiM  nanpH>KcnHCM; 
2  -  rpcSciib;  3  -  xoMyrbi;  6  -  c  BbicoiconpoHHOH  HanpaaceHHOH  npoBOJiOKOH;  e  -  c  ac- 
peBSHHbiM  rpconcM;  2,d-c  aBy\ia  naaaMH;  e,  me  -  c  naaaMH  b  nanpaBJiHiouiCM  rpc6nc 


ycTaHOBKH  HaronoBHHKOB  Bepxinoio  nacTb  mnyHTa  (danHon  okojio 
50  cm)  .zienaioT  Ha  10  cm  yace;  nocjie  3a6HBaiOT  3Ty  nacTb  mnyHTa,  pa36n- 
BaiOT  h  orojieHHyK)  apMaTypy  aaaeabmaiOT  b  manonHbin  6pyc.  Hnacmoio  nacTb 
mnyma  oopaivinaiOT  CTajibHbiM  CBapHbiM  OaniMaxoM  c  onnocTopomniM  ckocom. 
)Keae3o6eTOHHbie  mnyHTOBbie  ctchkh  npnMeHaiOT  b  ochobhom  npn  ycTponcT- 
Be  npHnajibHbix  ctchok  b  nopTax  h  mjno3ax.  B  npaKTHice  CTpomreabCTBa  Taicace 
Hcnojib3yK)Tca  mnyHTOBbie  CBan  b  BH^e  dByraBpOBoro  h  TaBpOBoro  nonepen- 
HHKa  ceneHna.  ^ByraBpOBbie  CBan  -  aceae3o6eTOHHbie  mnyHTbi. 


2.2.  OSupie  ceeaeHHH  o  pacneTax 
th6khx  umyHTOBbix  ctchok 

Ochobhbimh  pyKOBOflaniHMH  MaTepnajiaMH  jpm  pacneTa  KOHCTpyKu,HH 
th6khx  mnyHTOBbix  ctchok  cayacaT  CTponTeabHbie  HOpMbi  h  npaBnaa  no  rna- 
pOTeXHHHeCKHM  COOpy'/KCIIHHM,  KpOMe  TOTO,  IICOOXOaHMO  yHHTBIBaTb  TaK/KC 
TpeSoBamia  dpyrnx  raaB  CHnlla,  OTHOcamnxca  k  pacneTy  KOHCTpyKTHBHbix 
aaeMemroB,  BbinoaHaeMbix  H3  CTanH  h  aceae3o6eTOHa. 

PacneT  KOHCTpyKiinn  npOH3BOdHTca  no  npedejibHbiM  cocmonnuMM :  nep- 
eoe  -  no  Hecymen  cnocoSHOCTH  (no  ycTonnnBOCTH  n  nponHOCTH  coopyaceHna); 
emopoe  -  no  de^opMapnaM  n  nepeMeipemiaM;  mpembe  -  no  TpemHHOCTOHKO- 
cth  (no  orpaHnneHHio  pacicpbiTna  Tpernmi)  jpia  tohkoctchhbix  aceae3o6eTOH- 
hbix  mnyHTOBbix  ctchok.  npn  pacneTe  no  npedejibHbiM  cocToamiaM  BBOd^T 
Tpn  BHda  K03(ji(j)Hii,HeHT0B:  neperpy3KH  n,  odHOpOdHOCTn  MaTepnaaoB  n  rpyH- 
tob  ym  n  ycjiOBHH  paooTbi  yc. 

Ko3(ptpui(ueHm  nepezpy3Ku  n  ynnTbiBaeT  boimovkiibic  OTKaonenna  Harpy- 
30K  b  HeSjiaronpmiTHyio  (Soabinyio  nan  MeHbinyio)  CTOpOHy  ot  hx  HOpMaTHB- 
hbix  3HaneHHH  BcaedCTBne  H3MeHHHBOCTH  BeannnHbi  Harpy30K  nan  OTCTynae- 
hhh  ot  HOpMaabHon  SKcnayaTapnn  coopyaceHna.  npon3BedeHne  BeannnH  Hop- 
MaTHBHbix  Harpy30K  Ha  K03(J)(J)Hu,HeHT  neperpy3KH  Ha3biBaiOT  pacneTHbiMH  Ha- 
rpy3KaMH. 

Ko3<ptpuifueHm  odnopodHocmu  ym  ynnTbiBaeT  B03Moacm>ie  niMeneniia 
HOpMaTHBHbix  conpOTHBaeHHH  MaTepnaaoB  b  HeSnaronpmiTHyio  CTOpOHy  no 
CpaBHeHHIO  C  HOpMaTHBHbIMH. 

HopMaTHBHbie  conpOTHBaeHHa  MaTepnaaoB  Rn  cnaoBbiM  B03dencTBnaM 
ycTaHaBanBaiOT  no  cooTBeTCTByiomHM  raaBaM  CHhIIob,  TOCTob.  YnHTbiBae- 
Mbie  b  pacneTax  conpoTHBaeHnn  (xapaKTepncTHK)  K03(J)(|)nn,HeHTbi  odHOpOdHO- 
cth  Ha3biBaiOTca  pacneTHbiMH  conpOTHBaeHnaMH  R. 

Ko3(p(pui(ueHm  ycnoeuii  padomu  yc  ynnTbiBaeT  ocoOemiocTH  paSoTbi  Ma- 
TepnaaoB,  KOHCTpyKTHBHbix  saeMeiiTOB,  a  Taxace  KOHCTpyKu,nn  b  neaoM.  npn 
pacneTe  no  nepBOMy  npedeabHOMy  cocToamno  tohkhx  ctchok  Ha  npomiocTb  n 
ycTonnnBOCTb  TpeoyeTca,  h  to  obi  cnabi,  ycnana  nan  HanpaaceHna  ot  pacneTHbix 
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Harpy30K  npH  HanSonee  HeSjiaronpmiTHbix  coneTaHHux  He  npeBbimajiH  bcjih- 
hhh  pacneTHoii  Hecymeii  chocoShocth  KOHCTpyKpHH  hjih  pacneTHbix  conpo- 
THBJieHHH  MaTepHaJIOB,  yMHO>KeHHBIX  Ha  K03(J)(J)HH,HeHTbI  yCJIOBHH  paSOTBI  yc, 
He  BomeflHiHx  b  yKa3aHHbie  pacneTHbie  conpOTHBJieHHu.  3to  ycjiOBHe  Bbipa>Ka- 
eTca  o6meii  (J>opMyjioH 

N<yc-R, 

r,ne  N  -  cyMMa  pacneTHbix  3HaneHHH  BHeniHHx  chji  hjih  ycHJiHH,  HapymaiOHiHx 
yCTOHHHBOCTB  HJIH  npOHHOCTb  KOHCTpyKU,HH  npH  IiaMOOJlCC  HeSjiarOnpHMTHblX 
coneTamuix  Harpy30K;  yc  -  K03(|)(j)Hu,HeHT  ycjiOBHH  paSoTbi,  He  yHTeHHbiii  b 
pacneTax  conpoTHBJieHHa  MaTepnajiOB;  R  -  pacneTHbie  3HaHeHHn  chji,  peaKu,HH 
CBM3eii,  conpoTHBJieHHH  MaTepnajiOB,  npoTHBO,neHCTByiOHiHx  HapymeHHio  yc- 
tohhhbocth  hjih  npOHHOCTH  KOHCTpyKu,HH.  ^jih  coopyuceHHH  III  KJiacca  Kann- 
TaJIbHOCTH,  K  KOTOpbIM  OTIIOCHTCH  SoJIbHIHHCTBO  nOpTOBbIX  THflpOTCXHHHCCKHX 
coopyiKeHHH,  K03(J)(j)Hu,HeHT  3anaca  paBeH  1,7.  Ko3(J)(|)HH,HeHT  ycjiOBHH  pa6oTbi 
npH  pacneTe  no  npe^ejibHbiM  coctouhhum  peKOMeH^yeTOi  npHHHMaTb  cjie- 
flyiomHM  [6]: 


IGiacc  KanHTajibHOCTH 

II 

III 

IV 

Ko3(J)(I)Hii,HeHT  ycjiOBHH  paSoTbi  yc 

0,95 

1,0 

1,05 

PacneT  Bcex  KOHCTpyKu,HH  HaSepemibix  no  nepBOMy  npe^ejibHOMy  co- 
CTOUHHK)  npOH3BOflaT: 

•  Ha  ycTOHHHBOCTb  npOTHB  njiocKoro  cflBHra  Bcex  KOHCTpyKu,HH  no  no- 
CTaM  hjih  no  rpyHTy  ocnoBamia  (an a  rpaBHTau,HOHHbix  iiaoepe>Knbix); 

•  ycTOHHHBOCTb  npOTHB  TJiySHHHOTO  CflBHTa  COOpyJKCHHH  COBMeCTHO  C 
rpyHTOM  ocHOBaHHn  (fljia  Bcex  TnnoB  HaSepemibix); 

•  ycTOHHHBOCTb  TOHKHX  Th6kHX  CTeHOK; 

•  npoHHOCTb  Bcex  3JieMeHTOB  th6khx  CTeHOK. 


Phc.  4.14.  IIonepeHHbiH  pa3pe3  ninyHTOBOH  ctchkh  m  TaBpo- 
Boro  npo(|)Mj[H:  1  -  >Kejie3o6eTOHHbiH  mnyHT;  2  -  aiiKcpnaa 
ruiHTa;  3  -  amcepHbie  Tara  ncpca  1,55  m;  4  -  manoHHaa  6ajnca; 
5  -  BepTHKajibHbiii  oSpauibiH  (|)MJibip  H3  LucSna 
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CBan  flByTaBpOBoro  npocj)HJiM  -  ocHOBHBie  Hecymne  aaeMeiiTbi  mnyHTO- 
boh  ctchkh  -  HMeiOT  Hanpaacemiyio  apMaTypy  (npyncoByio  h  H3  BbicoKonpoa- 
hoh  npoBOJiOKH).  Cbbh  npaMoyronbHoro  npocj)HJiM  oSecneHHBaiOT  npaBHJiBHoe 
B3aHMHoe  pacnonoaceHHe  aByraBpOBbix  CBafi  h  rpyHTonpOHHpaeMOCTb  ctchkh, 
h  no3TOMy  ohh  norpyacaiOTca  b  rpyHT  Bcero  Ha  2,0  m  HHace  npoeKTHoro  ana. 
IIInyHTBi  TaBpOBoro  ceneiiHa  norpyacaiOTca  b  necoK  npH  noMomn  npocTeHHie- 
ro  oSopyuoBamni.  BepxHHH  KOHeu,  TaBpOBBix  3JieMeHTOB  -  manoHHtiM  SpycoM, 
b  KOTOpOM  3aKpennaK)T  CTajiBHbie  aHKepHbie  Tarn  anaMCTpoM  48  mm.  ,Z]pyroH 
KOHeu,  aHKepHtix  Tar  3aKpenaaeTca  3a  aHKepHbie  njiHTbi  1><1m  (cm.  pHC.  4.11). 
CxeMa  Huno3a  c  npiiMenemiCM  mnyHTa  TaBpOBoro  npocf)HJia  noKa3aHa  Ha  puc.  4. 14. 


2.3.  PacneT  He3aaHKepeHHbix  iunyHTOBbix  ctchok 

CBoSo^HOCToamaa  rnOKaa  CTeHKa  (He3aaHKepeHHaa)  paSoTaeT  noa  aeil- 

CTBueM  ropH30HTajibHbix  chji  KaK  KOHCOJibHaa  6anKa,  HMeiouiaa  noaamHByio 
HJIH  HenO^aTJIHByiO  (b  3aBHCHMOCTH  OT  ThOkOCTH  CTeHKH,  nJIOTHOCTH  TpyHTa, 
TJiyOHHbl  3aOHBKH  CTeHKH  H  T0pH30HTaJIbHbIX  Harpy30K)  3aflCJIKy  B  rpyHTe. 
/(aBJieHHe  rpyHTa  Ha  acecTKHe  noanopHbie  ctchkh  onpeaeaaiOT  TJiaBHbiM  o6pa- 
30M  Hcxo^a  H3  THnoTe3bi  KyjiOHa  o  cymecTBOBaHHH  npH3Mbi  oSpymeHHa  nan 
npeanoaoaceHHa  o  npeaeabHO  HanpaaceHHOM  cocToaHHH  bo  bccm  rpyHTe  3a 
CTeHKOH,  KOTOpaa  noaoaceHa  b  ocHOBy  pacaeTa  th6khx  ctchok.  ^aBJieHHe 
noapa3aeaaeTca  Ha  aKmuenoe,  Koraa  noanopHaa  CTeHKa  CMemaeTca  b  cto- 
pOHy,  h  naccuenoe  -  npu  aBHaceHHH  noanopHoil  ctchkh  HHace  otmctkh  ee 
norpyaceHHa  [5,  6], 

npu  pacueTe  noanopHbix  ctchok  oObihho  yuHTbiBaeTca  aaBaemie  rpyHTa 
co  CTOpOHbi  3acbinKH,  a  TaKace  peaKTHBHbiii  omop  rpyHTa,  aeiiCTByiomHH  Ha 
noA3eMHyio  aacra  ctchkh  co  ctopohm  hhh,cboh  rpaHH.  KpOMe  toto,  b  pe3yjib- 
TaTe  aKTHBHoro  aaBaeHHa  rpyHTa  Ha  th6khc  ctchkh  HMeeT  mccto  TaKace  h  o6- 
paTHbiu  omop  rpyHTa  c  nporaBonoaoacHOH  hhh,cboh  rpaHH  ctchkh  (puc.  4.15). 
HaanaHe  naccuBHoro  omopa  h  oOparaoro  peaKTHBHoro  omopa  oSycaaBanBa- 
eT  xapaKTep  3aaeaKH  HHacHeii  aacra  th6koh  ctchkh.  KaK  noKa3aau  nccaeaoBa- 
HHa  [6],  c  yMeHbineHHeM  raySHHbi  3a6uBKH  mnyHTOBOH  ctchkh  yMeHbinaeTca 
naccHBHbiii  oraop,  TaK  KaK  CTeHKa  b  stom  cayaae  CTpeMHTca  noBepHyTbca  bo- 
Kpyr  HeKOTOpoii  tohkh  (B03HHKaeT  no^aTaHBOCTb  3aaeaKH).  CTeHKa  npu  stom 
npHSauacaeTca  k  npeaeabHOMy  cocToaHHio  no  ycTOHauBOcra,  /ie(J)opMau,Ha 
mnyHTa  TaKace  yBeaHHHBaeTCH,  hto  BeaeT  k  yBeaHHemno  opannaT  omopa. 
riaccuBHoe  ace  aaBaeHHe  b  nepeaHeii  rpaHH  ctchkh  c  yMeHbineHHeM  raySHHbi 
3a6uBKH  H3MeHaeTca.  HHTeHCHBHOCTb  3toto  aaBaeHHa  Ha  rpyHT  b  aioSoii  tohkc 
no  BbicoTe  He  MoaceT  Sbitb  Soabiue  toto  aaBaeHHa,  KOTOpoe  rpyHT  b  coctouhhh 
BoenpHHaTb  no  ycaoBHaM  ero  npoaHOcra  h  ycTOHaHBOcra.  IIosTOMy  ycTOHan- 
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boctl  CTeHKH  npn  MHHHManBHOH  rnySHHe  3a6HBKH  6y,neT  oSecneneHa  B  TOM 
cjiynae,  ecuH  He  6ya,eT  npeB3oiifleHa  ycTOHHHBOCTB  rpyHTa  b  ^aHHOM  MecTe. 


a  6 

Phc.  4.15.  3 kc 1 1 cp h m c maj i b n an  amopa  aaBJicnwa  rpyHTa  Ha  He3aaHKepeHHyio 
mnyHTOByio  CTeHKy:  1  -  aKTHBHoe  .aaBJiciiHc;  2  -  nac chbhbih  OTnop; 

3  -  o6paTHbiH  peaKTHBHbiH  OTnop 

Hcxo^a  H3  BBimecKa3aHHoro  HeoSxoflHMO  paccMaTpHBaTB  ^Be  cxeMBi 
pacnpeflejieHH^i  Hanpa>KeHHH  rpyHTa  b  naccHBHOH  30He  (pnc.  4.16). 


a  6 

Phc.  4.16.  CxeMa  zuiBJieiiMH  rpyHTa  Ha  He3aaHKepeHHyio 
mnyHTOByio  CTeHKy:  a  -  cxeMa  c  3aacjiKOH  b  rpyHTe; 

6  -  cxeMa  6e3  aaacjiKM  b  rpyHTe 

B  nepeou  cxeMe  ycmoimueocmu  (pnc.  4.16,  a)  HMeeT  MecTO  naccHBHBiH 
oraop,  a  c  npoTHBononojKHoii  CTOpOHBi  CTeHKH  (HH5Ke  MecTa  3ameMJieHHa 
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mnyHTa  b  rpyHTe)  B03HHKaeT  oopaTiibiii  peaKTHBiibiii  oraop.  MaKCHMajibHoe 
3HaneHHe  oSpaTHoro  OTnopa  pacnojiaraeTm  npHMepHO  Ha  l/2  paccTOUHHn  Me- 
jK^y  3a^ejiKOH  h  hh30m  mnyHTOBOH  ctchkh  (pnc.  4.16,  a)  h  paBHO  HyjiK)  y  oc- 
HOBafflM  CTeHKH. 

Bo  emopou  cxeMe  ycmoumieocmu  (coniacHO  pnc.  4.16,  6)  HMeeT  MecTO 
TaK>Ke  naccHBHBiii  OTnop  h  oSpaTHbii!  OTnop.  BejiHHHHa  naccHBHoro  mBJieHHn 
no  OTHomeHHK)  k  nepBOH  cxeMe  MeHtme,  Toma  xax  oSpaTHBin  oraop  Sojibme. 

MecTO  pacnojiojKeHHa  MaKCHManBHOH  opflHHaTbi  oSpaTHoro  OTnopa  cob- 
na^aeT  c  ocHOBamieM  ctchkh. 

Yctohhhboctb  He3aamcepeHHOH  mnyHTOBOH  ctchkh  no  nepBOH  cxeMe 
oSecnenHBaeTCfl  paBeHCTBOM  momchtob,  co3/iaBaeMbix  othochtcjibho  MecTa 
3aflejiKH  CHJiaMH  aKTHBHoro  aaBaenna,  KOTOpOMy  npoTiiBoacMCTBycT  momcht, 
C03/jaBaeMBiH  CHJiaMH  oSpaTHoro  peaKTHBHoro  OTnopa. 

^aBJieHne  rpyHTa  Ha  th6khc  ctchkh  3aBHCHT  ot  (J)H3hhcckhx  xapaKTepH- 
cthk:  yma  BHyrpeHHero  TpeHHn  (p;  y^ejibHoro  Beca  y  h  cpenjieHmi  C  rpyHTa 
(flJIB  CBH3HBIX  TpyHTOB). 

Akthbhoc  ^aBJieHHe  rpyHTa  Ha  He3aaHKepeHHbie  ctchkh  no^mnnieTOi 
3aKOHy  KyjiOHa.  Hht6hchbhoctb  qa  aKTHBHoro  mBJieHHn  o^HOpo^Horo  hccbh3- 
hoto  rpyHTa  (necnaHoro)  b  tohkc,  jiOKameii  Ha  mySHHe  x  ot  Bepxa  ctchkh, 
onpefleiraeTOi  no  cf)opMyjie  (pnc.  4.17) 

qa.z  =  ri-K,  (4.33) 

me  y  -  yaeabiibiH  Bee  rpyHTa,  kt/m  ;  \a  -  K03(J)(J)Hu,HeHT  aKTHBHoro  aaBaemia 
rpyHTa  Ha  b epTHKajibHyK)  CTeHKy  6e3  yncTa  Tpemia  h  npn  roprooHTajibHOH  no- 
BepxHOCTH  rpyHTa  3a  ctchkoh,  Xa  =  tg2  (45°  -  (p/2). 

CpenjieHHe,  KOTOpoe  onpefleiraeTm  bcjihhhhoh  C  (yuejibHbiM  cpenjieHH- 
eM),  npHBOflHT  K  yMCHbHieHHK)  aKTHBHOTO  flaBJieHHM  H  K  yBeJIHHeHHK)  naCCHB- 
hoto  conpoTHBJieHH^i  cbinynero  rpyHTa.  ,Zl,jia  otmchchhoto  Bbirne  nacTHoro 
cjiynan  aKTHBHoe  ^aBJieHHe  Ha  raySHHe  x  c  yneTOM  cpenjieHmi  cbjohoto  rpyHTa 
naxoaHT  no  (J)opMyne 

?«..-  =  y/'tg2  (45°  -  cp/2)  -  2  ctg  (45°  -  (p/2).  (4.34) 

PacneTHaa  BejiHHHHa  naccHBHoro  mBJieHmi  onpeflejineTOi  KaK  Han- 
MeHbmee  conpoTHBJieHHn  Tejia  b  ycjiOBHux  npeflejibHoro  paBHOBecmi. 
riaccHBHoe  ^aBJieHHe  qpz  rpyHTa  fleiiCTByeT  Ha  3a6myio  b  /jho  BO^oeMa  hjih 
KOTJiOBaHa  nacTb  ctchkh  h  BbinHCJineTOi  no  (J)opMyne 

qP.z  =  rt\ ,  (4.35) 

me  t  -  TJiySnHa  norpyjKeHHn  mnyHTa;  Xp  -  K03(f)(jDHH,HeHT  naccHBHoro  omopa 
rpyHTa  b  npe.ae.nax  BepTHKajibHOH  3a6nTon  ctchkh  b  rpymr  nM>Ke  BonoeMa  hjih 

£Ha  KOTJiOBaHa,  KOTOpbin  paBeH 

\  =  tg2  (45°  +  cp/2). 
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npH  3a6nBKe  mnyma  b  CBii3Hbie  rpyrnu  naccHBHbiH  OTnop  onpe^ejiaeT- 
c a  no  (j)opMyjie 


qp.z=  2ctg2(45°  +  (p/2).  (4.36) 

HanSojiBninn  H3rn6aK)niHH  momcht  b  nnocKOCTH  3a/iejiKH  mnyma  Ha 
1  nor.  m  CTeHKH  paccnHTbmaeTCfl  no  cJmpMyjie 

QV  +  U 


Mn 


(4.37) 


r^e  Q  -  paBHOAencTByromaa  aKTHBHoro  .naBJieHmi  rpyrna  Ha  He3aaHKepeHHyK) 
CTemcy  no  ee  bbicotc  (/  +  /H3),  t.  e. 


q  _  qJJj +43) 
^  2 


/  -  BBICOTa  CTeHKH. 

MaKCHMajiBHtiH  nporn6  b  Tomce^  (pnc.  4.17)  onpeflemieTCfl  no  (|>opMyjie 


y a  Kip 

120 EJ  ’ 


(4.38) 


r^e  Ip  -  paccTOAHHe  ot  Bepxa  ctchkh  ro  MecTa  ee  3a/iejiKH  b  rpyHTe,  t.  e.  h3th- 
SaeMafl  nacTB  mnyma;  E  -  MOflyjib  ynpyrocTH  MaTepnana  mnyma,  Mila;  J  - 

4 

MOMCHT  HHepU,HH,  CM  . 


He3aamcepeHHOH  mnyHTOBOH  ctciikh 


no  BejinmiHe  M3max  npoii3BOHHTCH  npoBepKa  nanpm/Keinni  b  MaTepnane 
CTeHKn: 

^1-nax  =  M3max/IT <  RH,  (4.39) 
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r,ne  W  -  MOMeHT  conpoTHBJieHHB  mnyma,  cm;  Rh  -  HOpMaraBHoe  conpoTHBJie- 
HHe  MaTepHana  mnyHTa. 

H3th6  mnyma  paccnnTBiBaiOT  no  (jiopMyjie 


y  = 


Pm  -Kab_ 
48  EJ 


V 


x ' 


0,5/, 


x 


0,lx' 


(4.40) 


r,ne  lp  n  x  noKa3aHBi  Ha  pnc.  4.17. 

MaKCHMajiBHBin  nporn6  Ha  cboSo^hom  KOHpe  ctchkh  bbihhcjimkdt  no 
<J)opMyjie 


y 


max 


Y  a  ^  a  ^  p 

120  •  EJ 


(4.41) 


r^e  [y]  -  npeflejiBHO  ^onycTHMoe  CMememie  manonHoro  6pyca.  Onpe^ejiBeTCB 
BejiHHHHa  H3rn6a  mnyHTOBon  ctchkh  b  rpyrnre  lm,  a  no  Hen  -  rnyOnHa  ee  3a- 
6hbkh. 

BejiHHHHy  lm  paccmiTBiBaiOT  no  (jiopMyjie 


L  =  3 10,04 


yp-^p~y  a'^a  En  ■  i3  -b 


ya A 


110  EJ 


-1, 


(4.42) 


r,ne  yp  -  yflejiBHBin  Bee  rpyHTa  naccnBHon  30hbi,  t.  e.  HH»ce  ^h a  BO^oeMa  hjih 
KOTJiOBaHa;  ya  -  y/iejiBHbin  Bee  rpyHTa  aKTHBHon  30hbi,  t.  e.  Bbime  noBepxHOcm 
3a6nBKH  mnyma;  E0  -  MO/iyim  ^e(J)opMau,HH  rpyHTa  mrace  ^Ha  KOTJiOBaHa;  /  - 
CBoSo^HaB  BbicoTa  ctchkh,  m;  b  -  nmpHHa  ctchkh,  paBHan  1  nor.  m;  E  -  mo- 
/lyjiB  ynpyrocm  ctchkh. 

DiyOmiy  3a6nBKH  mnyma  naxonaT  no  (J)OpMyjie 

t  =  2,5/h3.  (4.43) 

/(jib  npeflBapHTejiBHoro  no^Sopa  mnyHTOBBix  CBaii  hcoSxoahmo  onpefle- 
JIHTB  MOMeHT  COnpOTHBJICHHB  W  HCXOflB  H3  paCHCTHOTO  COnpOTHBJICHHB  MaTC- 

pnajia  no  3aBHCHMOCTH 

RH  >MsmJWt 

OTKyra 

W=  M3max/RH  •  yc.  (4.44) 

OnpeflejiHB  W,  no^OnpaiOT  cooTBeTCTByiomnn  npocjmjm  nmyHTOBOH 
CBan  h  npoH3BOflBT  npoBepKy  ee  nponHOcm. 

OKOHnaTejiBHyio  nrySmiy  3a6nBKH  mnyHTOBBix  CBaii  yTonmnoT  Ha  ocho- 
BaHHH  pacneTa  Ha  ycToimnBOCTB  npomB  TJiyOnHHoro  CflBnra  (o6men  ycToimn- 
bocth).  npH  pacneTe  ycToimnBOCTH  Ha  rjiySHHHBin  cabht  HcnojiB3yiOT  mcto^ 
KpyrJIOH,HJIHHflpHHeCKOH  nOBepXHOCTH  CKOJIBBCeHHB.  /lyry  CKOJIBBCeHHB  npOBO- 
flBT  nepe3  hhbchhc  kohu,bi  mnyma  (pnc.  4. 18). 
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CHhIIom  ponycicaeTai  npHMeHeHHe  paHee  cyipecTByioipHx  MeTopoB 
pacneTOB  (npOBepeHHBix  ontiTOM  npoeKTHpOBaHHn)  c  ncnojiB30BaHHeM  o6mero 
K03(|)(J)Hii,HeHTa  3anaca  npn  peiiCTBHH  HOpMaTHBHbix  Harpy30K,  onpepejineMoro 
no  (j)opMyjie  [11] 

MHyfl/MHc,B>  K,  (4.45) 

me  JVTyjx  -  MOMeHT  chji  (HOpMaTHBHBix),  ynepvKHBaiounix  coopy/Kemie  ot  cpbh- 
ra  OTHOCHTenBHO  Bbi6paHHoro  peHTpa  BpaipeHHa;  MHCflB  -  momcht  chji  (HOpMa- 
thbhbix),  Bbi3biBaiomHx  cpbht  coopyjKeHHn  OTHOCHTejiBHO  BbiSpaHHoro  peHTpa 
BpameHH^;  K—  K03(|)C[)HpHeHT  yCTOHHHBOCTH: 


Kaacc  KannTajibHOCTH  coopy>KeHHH 

II 

III  H  IV 

KoSC^HipieHT  yCTOHHHBOCTH 

1,25 

1, 0-u 

HanSojiee  onacHoe  nojioiceHHe  peHTpa  KpHBoii  ckojibikchhh  onpepejnni- 
kdt  nopSopOM,  3apaBaa  He  MeHee  Tpex  pa3. 


(muui j  HCitottJ 


Pnc.  4.18.  CxeMa  k  pacneiy  yciOHMUBOCi  H  no  KpyrjiopHjinpnpHHecKOH 

nOBepXHOCTH  CKOJIb/KClIHH 


PacneT  coopyjKeHHn  no  (JiopMyjie  (4.45)  BbinojnnnoT  cjiepyioipHM  o6pa- 
30M.  H3  HaMeneHHoro  peHTpa  BpaipeHHa  nepe3  rpyHTbi  3acbinKH  h  ocHOBaHHn 
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npoBOflflT  pyry,  papnyc  R  KOTOpoii  onpepejnnoT  b  3aBncHMOCTH  ot  rana  co- 
opyjKeHHM  (pHC.  4.18).  npH  3ajieramiH  b  ocHOBaHHH  HeopHOpopHbix  rpyHTOB 
pyry  npoBopflT  no  KOHTaKTy  necnanbix  n  rjiHHHCTBix  rpyHTOB  [11]. 

HacTb  coopyjKeHmi  (npn  rpaBHTapHOHHbix)  n  rpyHT,  pacnojiojKeHHBie 
BHyTpn  pyrn,  pa3,a,ejunoT  Ha  n  BepTHKajiBHBix  nonoc  oflHHaKOBon  mnpnHbi, 
oSbihho  paBHon  0, 1  papnyca  KpHBon  CKomoKeHmi. 

KajK^on  nonocbi  i  b  npopecce  pacneTa  onpepejnnoT: 

•  cyMMy  Beca  (Maccti)  pa3JinnHBix  cnoeB  rpyHTa,  3JieMeHTOB  coopy>Ke- 
HH3  (eCJIH  TaKOBbie  HMeiOT  MeCTO)  H  BepTHKaJIBHOH  Harpy3KH  nOBepXHOCTH  3a- 
CBinKH  (npn  ee  Hajinnnn); 

•  yron  a,  =  arcsin  ±  R,  / R ,  rpe  R -  paccTOflHHe  no  ropn30HTajin  ot  u,eH- 
Tpa  BpameHna  po  cepepHHbi  nonocbi  i  (pna  nonocoK,  pacnojiojKeHHtix  ot  tohkh 
0  cneBa  npnHHMaeTCfl  co  3HaKOM  «MHHyc»);  R  -  papnyc  Kpyrjiou,HJiHHflpnne- 
CKOH  nOBepXHOCTH; 

•  HOpMaTHB  hbih  yron  BHyTpeHHero  Tpemni  rpyHTa  (p/1  b  ocHOBaHnn  nonocbi; 

•  HOpMamBHyK)  BejiHHHHy  y^ejiBHoro  cpenneHmi  rpyHTa  c,H  b  ocHOBa- 
HHH  nOJIOCBi; 

•  nanny  nyrn  /,  no  ocHOBaHHK)  nonocbi  3naHenna  Mc;w"  h  MyflH  onpene- 
jhhotcji  Ha  1  nor.  m  coopynceHmi  no  (|)0pMyjiaM 

=  RZqf  sina;.  =fJq* -r \.  (4.46) 

i  i 

M»cm  =  KZqf cosa.tgcp”  +  •  /•  .  (4.47) 

i  i 

npn  pacneTe  ycTonnnBOCTH  ctchkh  Ha  rjiySnHHBin  cpbht  no  Rpyrnopn- 
jiHHflpnnecKOH  nOBepXHOCTH  CKomoKeHmi  ypOBeHB  bo^bi  nepep  coopy^KeHneM 
npnHHMaeTca  HaHHH3mnn  pacneTHBin,  a  BpeMeHHaa  Harpy3Ka,  pacnojionceHHaa 
Ha  paccTO^HHH  lq  (cm.  pnc.  4.18),  onpe,nejnieTOi  no  (jDOpMyjie 

lq  =  R  sin(pH-  a,  (4.48) 

rpe  a  -  paccTO^HHe  ot  pempa  Bpaipemni  po  jihpcboh  rpaHH  ctchkh.  npn  pac- 
neTe  Hecyipeii  choco6hocth  no  MeTopy  npepejibHbix  coctoahhh,  KaK  npaBHJio, 
HcnojiB3yK)T  ypaBnenna  paBiiOBecna,  npn  3tom  pan  tohkhx  nopnopHbix  CTe- 
hok,  ochobhoh  Harpy3KOH  Ha  KOTOpbie  aBjnieTCfl  paBJieHHe  rpyHTa,  HeoSxopn- 
mo  ynHTbiBaTb  xapaKTep  h  BejiHHHHbi  pec])opMaH,HH  npn  pacneTe  no  nepBOMy 
npepejibHOMy  coctoahhio. 


2.4.  PacneT  3aaHKepeHHbix  iunyHTOBbix  ctchok 

B  npaKTHnecKHx  pacneTax  nopnopHbix  coopyaceHHH,  BOcnpHHHMaioipHx 
Ha  ce6a  paBJieHHe  rpyHTa,  ninpOKO  npHMeHaeTOi  mctop  onpepejieHHii  pacnopa 
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h  OTnopa  rpyHTa  no  KJiaccnnecKon  Teopnn  ^aBneHna  rpyHTa,  o  neM  6bijio  CKa- 
3aHO  Btime.  O^HaKO  MHoronncjieHHBie  3KcnepHMeHTajibHbie  HCCJieflOBaHHa  no- 
Ka3ann,  hto  KJiaccnnecKaB  Teopna  noflTBep)KflaeTCM  ontiTOM  Jinnib  j\jik  hckoto- 
pBix  cnynaeB,  b  ochobhom  ^jib  rpaBHTapHOHHbix  noflnopHbix  ctchok.  Hto  xaca- 
eTCM  ee  tohkhx  (thOkhx)  3aaHKepeHHBix  mnyHTOBBix  ctchok,  OHa  He  otbc- 
naeT  ^eHCTBHTejiBHOCTH. 


2.4.1.  OcoSeHHocTH  paSoTbi 
3aaHKepeHHbix  mnyHTOBbix  ctchok 

HaTypHbie  Ha6jno,neHmi,  nccjieflOBaHHa  [5]  noKa3ajiH,  hto  pacnpeflejie- 
Hne  aKTHBHoro  flaBJieHHa  Ha  3aaHKepeHHbie  mnyHTOBbie  ctchkh  He  cootbctct- 
ByeT  3aKOHy,  npnmiTOMy  npn  pacneTax  sthx  ctchok.  cpaKTHHecKaa  aniopa  aK- 
thbhoto  ^aBJieHHa  rpyHTa  Ha  TaKHe  ctchkh  He  cooTBeTCTByeT  amope  KJiaccH- 
necKOH  TeopHH  KyjiOHa.  Hcnojib3yeMbie  b  pacneTe  3aaHKepeHHbix  mnyHTOBBix 
ctchok  BejiHHHHbi  aKTHBHoro  ^aBJieHHa  rpyHTa,  noHCHHTannoro  no  TeopHH  Ky- 
jiOHa  fljia  rpaBHTau,HOHHBix  no,a,nopHbix  ctchok,  He  onpaBflbmaiOTOi,  TaK  KaK 
3TH  BeJIHHHHBI  3aBBIHICHBI.  /l,e(j)OpMaU,HH  HinyHTOBBIX  CTCHOK  CBHflCTCJlbCTByKDT 
O  TOM,  HTO  CTCHKH  paSOTaiOT  Ha  MCHBHiyK)  HaTpy3Ky.  B  XOfle  HCCJieflOBaHHH 
6bijio  ycTaHOBJieHO,  hto  3aKOH  pacnpeflejieHHa  aKTHBHoro  flaBJieHHa  rpyHTa  no 
BbicoTe  ctchkh  3aBHCHT  ot  ^e(j)opMau,HH  nocjieflHeH  (ot  ee  npornOa)  h  ot  ee 
OTHOCHTejibHOH  th6kocth  H/EJ ,  r^e  H  -  BbicoTa  ctchkh,  a  EJ  -  ee  ^kcctkoctb 
{E  -  MOflyjib  ynpyrocTH,  a  J  -  momcht  HHepu,HH  rnnyHTa)  [6], 

Ha  pHC.  4.19  npHBefleHbi  HeKOTOpbie  pe3yjibTaTbi  nccjieflOBaHHH,  Ha- 
TJiBflHO  noKa3biBaiOHiHe  HecooTBeTCTBne  TeopHH  KyjiOHa  fleiiCTBHTejibHOMy  xa- 
paKTepy  pacnpeflejieHHa  aKTHBHoro  ^aBJieHHa  rpyHTa  3acbinKH.  B  to  >Ke  BpeMH 
neooxoHHMO  otmcthtb,  hto  oomee  naBnenne  rpyHTa  Ha  TaKHe  ctchkh  Ha  1 5-20  % 
MeHbuie  ^aBJieHHa,  onpeflejnieMoro  no  KJiaccHHecKoi!  TeopHH  KyjiOHa.  Hccjie- 
flOBaHHa  TaK5Ke  bbmbhjih  oneHb  Ba>KHyio  ocoSemiocTb  b  paSoTe  3aaHKepeHHbix 
mnyHTOBbix  ctchok  -  BjnniHHe  noflaTJiHBOCTH  aHKepeHHoro  KpenjieHHa  Ha 
smopy  pacnpeflejieHHa  aKTHBHoro  ^aBJieHHa  rpyHTa. 

B  pe3yjibTaTe  c  Me  men  mi  aHKepa  naBHenne  rpyHTa  (3acbinKH)  B03pacTaeT 
h  npH6jiH>KaeTCH  k  .naBJiemno  coniacHO  TeopHH  KyjiOHa  (pnc.  4.20).  YKa3aHHoe 
HBJieHne  CBHfleTejibCTByeT  o  tom,  hto  npn  CTpOHTejibCTBe  3aamcepeHHbix 
mnyHTOBbix  ctchok  hcoOxo^hmo  oco6oe  BHHMaHne  y^ejniTb  Ha^e>KHOCTH  Kpe- 
naeniHi  aHKepHbix  tut. 

YcTaHOBJieHO  TaK>Ke,  hto  aHKepHbie  ycnjimi  cJiaKTHHecKH  Sojibine  pac- 
neTHbix,  onpe^ejiHeMbix  no  MeTO^y  JloMeepa  c  yneTOM  TeopHH  KyjiOHa.  Hto 
KacaeTCH  naccHBHoi!  30hbi  (hickc  otmctkh  .zpia  KOTJiOBHHa),  to  xapaKTep  nac- 
chbhoto  h  oSpaTHoro  peaKTHBHoro  omopOB  aHajiorHHeH,  KaK  h  npn  He3aaHKe- 
peHHbix  mnyHTOBbix  CTeHKax,  o  neM  6biJio  CKa3aHO  Bbime,  t.  e.  HMeeT  MecTO 
3a/iejiKa  th6koh  ctchkh  b  rpyHTe.  rnyOmia  3a^ejiKH  3aBHCHT  ot  OTHOCHTejibHOH 
BbICOTbl  CTCHKH,  HTO  HarJMflHO  BHflHO  Ha  pHC.  4. 19. 


233 


fr  ■  aHKep 


§141  0.32 


\  /Z  77 
|  n-  v; 

®|  o  iA 
in  o 

<N  rs 

I 


92,5  73. 


Ra=23.8  kH 


O^Q'0,21  Ra=295 


Phc.  4.19.  3KcnepHMeHTajibHbie  omopu  nporaSoB  ciciikh  (a),  iiaBJieiiMx  rpyHTa  (6): 

1  -  aKTHBHoro;  2  -  naccHBHoro;  3  -  oopainoro  naccHBHoro  flaBJiemia:  - 

npn  raySHHe  3a6HBKH  t  =  2,5  m; - to  >Ke  npn  t  =  1,5  m;  to  >Ke,  no  KyjiOHy 

(nporn6,  cm.  flaBJieHHe,  kH/m2) 


5.0  i.L 


V\  1.5-: 


R,-18kH 


0.0  \ 


6  s 


10.0  —  ■_  K-"s 


3.5 


\  0.60 


Pnc.  4.20.  3KcnepnMeHTajibHbie  omopbi  npornSoB,  aKTHBHoro,  naccHBHoro  n  ooparnoro 

2 

naccHBHoro  OTnopa,  kH/m  ,  npn  CMenjeHnn  amcepa  Ha  5  cm  (a)  h  Ha  10  cm  (d) 


HajiHHHe  naccHBHoro  OTnopa  h  oSparaoro  peaKTHBHoro  oraopa  o6ecne- 
HHBaeT  yCTOHHHBOCTb  ctchkh  ot  ^eiiCTBHH  aKTHBHOrO  /mBJieHHH  Ha  nocjiem 
HioK).  KpOMe  Toro,  ycTOHHHBOCTb  3aamcepeHHOH  mnyHTOBOH  CTeHKH  o6ecne- 
HHBaeTCfl  TaK5Ke  3aKpenjieHHeM  cboSo^hoh  nacTH  ctchkh  amcepHMMH  ycTpoii- 
CTBaMH  (cm.  pHC.  4.16). 

3a^aHeH  pacneTa  3aaHKepeHHBix  mny hto bbix  ctchok,  noMHMO  onpeflejie- 
hh a  rjiySHHbi  3a6nBKH  Hinyma  b  rpyHT  h  HanSojibHieH  bcjihhhhbi  H3TH6aiome- 
ro  MOMeHTa  M3max,  jibhhctch  TaK>Ke  onpeaeaemie  aHKepHbix  ycnjiHH  h  ycToii- 
HHBOCTH. 


2.4.2.  Onpe^ejieHHe  Hecymeii  ciiocoShocth 

,E(jih  SojiBHiHHCTBa  coopyjKeHHH  npH  pacneTe  Hecymeii  cnocoSHOcra  no 
MeTO^y  npeflejiBHBix  coctohhhh,  KaK  npaBHJio,  HcnojiB3yK)T  ypaBHeHHH  paBHO- 
Becna,  He  ywraiBaiomHe  ^e(j)opMHpyeMOCTB  KOHCTpyKu,HH,  TaK  KaK  b  ttom  Me- 
TO^e  paccMaTpHBaiOT  momcht  HcnepnaHHH  Hecymeii  cnocoSHOcra  KOHCTpyK- 
u,hh,  Tor^a  KaK  Bee  npeflbmymee  Hanpn>KeHHoe  cocTOHHHe  ee  ocTaeTCH  BHe  no- 
jih  3peHHa.  ,H,.jih  th6khx  noflnopHbix  ctchok,  ochobhoh  Harpy3Koii  Ha  KOTOpBie 
ABJiaeTCfl  ^aBJieHHe  rpyHTa,  yneT  xapaKTepa  h  bcjihhhhbi  ^e(|)opMau,HH  o6H3a- 
TejieH  npn  pacneTe  no  nepBOMy  npe^ejiBHOMy  coctohhhio. 

HeoSxoflHMOCTB  yneTa  xapaKTepa  ^e(j)opMau,HH  coopynceHHH,  ocoSemio 
th6khx  3aaHKepeHHBix  ctchok  (HanpaBJiemni  ^e(J)opMau,HH  othochtcjibho 
rpyHTa  b  30He  naccHBHoro  oraopa,  bh^  ^e(j)opMau,HH  -  CMemeHne,  noBOpOT, 
nporno),  HHKTyCTCH  flByMH  npnHHHaMH : 

•  pacnpeflejieHHeM  Harpy30K  Ha  coopynceHHe  ot  flaBJieHHa  rpyHTa,  TaK 
KaK  nocjieflHee  b  3HawrejibHOH  CTeneHH  3aBHCHT  ot  HanpaBJieHHH  nepeMeme¬ 
HHH  CTCHKH,  B  HaCTHOCTH  H3TH6a  TOHKOH  (th6kOh)  CTCHKH;  ^aBJICHHC  Ha  CTCHKy 
(pacnop)  npn  nepeMemeHHH  (h3th6c)  ot  rpyHTa  b  hcckojibko  pa3  mchbhic,  hcm 
^aBJieHHe  npn  nepeMemeHHH  ctchkh  Ha  rpyHT  (oraop  c  o6enx  crapOH  th6koh 
ctchkh  b  3a6HBaeMOH  ee  nacra  b  rpyHT); 

•  HeoSxoflHMOCTBio  onpe,nejieHHH  KpHTepHH,  KOTOpBin  yKa3BiBaeT  Ha  3a- 
meMJieHne  KOHCTpyKimn,  norpyHceHHoii  b  rpyHT  (ctchkh  H3  3aaHKepeHHoro 
hjih  He3aaHKepeHHoro  rnnyHTa). 

npe^ejiBHBie  coctohhhh  b  rpyHTe  hohbjihiotch  npn  BejiHHHHax  ,ne(j)opMa- 
U,HH  CTeHKH,  H3MeHHK>mHXCH  B  3HaHHTeJIBHBIX  npe^eJiaX  H  3aBHCHIHHX  OT  Ha- 
npaBJieHHa  nepeMemeHHH. 

npn  nepeMemeHHH  ctchkh  (H3rn6e)  ot  rpyHTa  npe^ejibHan  BejiHHHHa 
pacnopa  -  aKTHBHoe  ^aBJieHne  -  npoHBJiHeTCH  ynce  npn  HeSojiBHinx  ^e(j)opMa- 
H,HHX  CTeHKH,  H  XapaKTep  aKTHBHOTO  flaBJieHHH  pe3KO  H3MeHHeTCH  C  yBeJIHHeHH- 
eM  ^e(J)opMau,HH  th6koh  ctchkh. 

/(jih  toto  hto6bi  nojiynHTb  npe^ejiBHyio  BejiHHHHy  oraopa,  cootbctct- 
Byromyio  naccHBHOMy  ^aBJieHHio  (Bbinopy  rpyHTa),  HeoSxoflHMO  nepeMecrara 
CTeHKy  b  CTOpOHy  rpyHTa  Ha  3HawrejibHyK)  BeaiiHiniy. 
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npH  pa3BHTnn  ace  naccHBHoro  ^aBJieHHa  fle(j)opMau,HH  Ha  KOHTaKTe  th6- 
khx  CTeHOK  h  rpyHTa  aocTiiraiOT  3 nan ht earn o h  bcjihhhhbi  h  BE>i3biBaiOT  ynnoT- 
HeHHe  rpyHTa  h  BCJie^CTBHe  3Toro  H3MeHeHHe  pacneTHbix  xapaKTepHCTHK  rpyH- 
Ta.  Rax  npaBHJio,  H3MeHeHHe  pacneTHbix  xapaxTepHCTHK  yBeaHHHBaeT  Hecy- 
myio  cnocoSHOCTb  rpyHTa  b  30He  Bbinopa,  t.  e.  npoHCxo^HT  xax  6bi  «caMoyn- 
jiOTHeHHe»  rpyHTa  ocnoBanna  (ecan  rpymr.i  ocnoBanna  He  ooaaaaiOT  noBbi- 
rneHHOH  noa3yHecTbio).  CKa3aHHoe  cnpaBeflJiHBO  npn  ensure  rpaBiiTamiomibix 
noflnopHbix  CTeHOK.  Hto  xacaeTca  th6khx  mnyHTOBbix  ctchok,  to,  rax  noxaaa- 
jih  HCCJieflOBaHHa  [5],  HanSojibniHe  ^e(J)opMau,HH  (h3th6)  ctchok  B03HHKaK)T  Ha 
HeKOTOpoii  riiySHHe  HHnce  nna  KOTJiOBaHa,  a  eme  HHxce  nponcxo^HT  naaBHoe 
yMeHbmeHHe  ne(j}opMaii,HH  ctchok  (cm.  pnc.  4.19)  h  npH6jiH>KeHHe  k  Hyjno,  t.  e. 
H3rn6a  (necf)opMaii,HH)  ctchok  He  npoHCxo^HT.  B  to  >Ke  BpeMa  pacnpocTpaHe- 
HHe  H3rn6a  ctchkh  no  riiySHHe  norpy^KeHna  rnnyHTa  yBejiHHHBaeTca  b  3aBHCH- 
mocth  ot  pacnana  (aKTHBHoro  naBJieHHa),  t.  e.  c  B03pacTaHHeM  cboSo^hoh  bbi- 
cotbi  ctchkh.  3ameMJieHHio  rnnyHTa  b  rpyHTe  cnocoScTByeT  oSpaTHaa  peaKu,na 
aKTHBHoro  OTnopa. 

npn  pacneTe  coopyaceHHH  HenonycTHMbie  ne(j)opMaii,HH  o/jHoro  kohct- 
pyKTHBHoro  BJieMeHTa,  He  HapymaiomHe  ero  npoHHOCTb  h  ycTOHHHBOCTb,  bbi- 
3bmaK)T  pa3pymeHHe  flpyroro  3JieMeHTa  (HanpHMep,  HenonycTHMbie  ne(j)opMa- 
u,hh  aHKepHbix  njiHT),  MoryT  Bbi3BaTb  CMememie  rnnyHTa,  3ameMJieHHoro  b 
rpyHTe  3a  cneT  yBejiHneHHa  aKTHBHoro  naBJieHHfl  (cm.  pnc.  4.19).  riosTOMy  npn 
pacneTax  hcoSxoahmo  ynHTbmaTb  bcjihhhhbi  ^e(J)opMau,HH  nepBoro  3JieMeHTa. 

Hcxofla  H3  BbimecKa3aHHoro,  npn  pacneTe  3aamcepeHHbix  mnyHTOBbix 
ctchok  ooHBaTeabiio  aoH/KiiBi  6biTb  yHTeHbi  BejiHHHHa  h  xapaKTep  ae(j)opMamni 
ajieMeHTOB,  Tax  Kax  ot  nocae/iHHx  3aBHCHT  BejiHHHHa  ^aBJieHHa  h  xapaxTep  ero 
pacnpeflejieHHa. 

YnHTbiBaa,  hto  b  npopecce  3KcnjiyaTau,HH  nponcxo^aT  H3MeHeHna  xa- 
paKTepncTHK  rpyHTa,  KOTOpbie  Tpy^HO  ynecTb,  pacneT  coopyaceHHa  npnHHMa- 
kdt  npn  nepBOHanajibHbix  xapaxrepHCTHKax  MaTepnajiOB  h  rpyHTa.  H3mchchhc 
HanpaaceHHoro  coctohhhh  KOHCTpyKu,HH  CBH3aHO  c  hsmchchhhmh  xapaxTepH- 
cthk  rpyHTOB  b  npopecce  ynjiOTHeHHa,  hto  ynHTbiBaeTca  npn  noMomn  ko3(J)- 
(|)HU,HeHTOB  yCJIOBHH  paSoTbi. 

Ha  OCHOBaHHH  BbIHieH3JIO>KeHHOrO  B  pa3pa60TaHH0H  aBTOpOM  MeTOflHKe 
pacHCTa  3aaHxepeHHbix  mnyHTOBbix  ctchok  pace MaTpn bbiotch  Tpn  noao'/Kcmia 
ee  yCTOHHHBOCTH  (pHC.  4.21)  B  3aBHCHMOCTH  OT  TJiySHH  HX  3a6HBKH  [5] ! 

1.  CTemca  HaxoflHTca  b  ycTOHHHBOM  nojioaceHHH  (pnc.  4.21,  a),  xorna 
npn  ^ocTaTOHHOH  riiySHHe  3a6nBKH  ctchkh  hmciot  mccto  «3anejiKH»  nocnen- 
Heii  b  rpyHTe. 

2.  CTeHKa  HaxoflHTca  b  npeneJibHOM  coctohhhh,  Korna  mySHHa  3a6nBKH 
TaxoBa,  hto  MecTO  «3a^ejiKH»  cooTBeTCTByeT  ocHOBamno  mnyHTOBOH  ctchkh 
(pnc.  4.21,  6),  b  .ziaHHOM  nojioaceHHH  OTMenaeTca  MHHHMajibHaa  rnySHHa  3a- 
6hbkh. 


236 


3.  CTemca  HaxoflHTca  b  HeycTOHHHBOM  coctouhhh,  Koma  niySHHa  3a- 
6hbkh  HeflOCTaTOHHa  h  hh3  mnyma  omnomieTca  b  CTOpOHy  oSpaTHoro  nac- 
CHBHoro  OTnopa  (pnc.  4.21,  e ),  b  3tom  cjiynae  CTeHKa  bbixoaht  H3  noji05KeHHa 
paBHOBecna. 


Phc.  4.21.  CxeMa  yctohhhbocth  3aamcepeHHbix  iniiym  oBbix  ctciiok 


PacneT  nponHOCTH  h  ycToinniBOCTH  npoH3BOflHTca  no  nepBon  cxeMe.  Ha 
pnc.  4.22  npHBe^eHa  cxeMa  pacnpe^eneHna  ^aBJieHna  rpyHTa  Ha  CTeHKy.  Pac- 
npeaeaemie  aKTHBHoro  pacnopa  Ha  ynacTKe  ana  Boaoeivia  hjih  KOTJiOBaHa  npHHH- 
MaeTca  no  3aKOHy  KBanpaTiiOH  napaSojiBi  x  =  2 py  (me p  -  napaMeTp  napaSojiBi). 

Ha  ypOBHe  aHKepa  napaSojia  orpaHHHHBaeTca  napaMeTpOM  b  Tonxe  A 
(  /2;  qa i);  na  ypOBHe  ^Ha  KOTJiOBaHa  -  b  Tonxe  B  (-/2;  qai)-  TpeTHH  napaMeTp 
eooTBeTCTByeT  Tonxe  O,  napaMeTp  KOTOpon  (0,  a). 

3a  Hanano  KOOpflHHaT  npmniTa  Tonxa  O,  HanpaBJieHne  ocen  KOOpflHHaT 
noKa3aHO  Ha  pnc.  4.22. 

PacnpefleneHne  ^aBJieHna  MOK^y  aHKepOM  n  noBepxHOCTBK)  3acBinKn 
npnHaTO  no  npaMon  jihhhh,  opflHHaTBi  flaBJieHna  Ha  OTMeTKe  amcepa  qa  \  n  ^Ha 
KOTJiOBaHa  (BOfloeMa)  qa2  onpeflejiaeTca  no  (JiopMyjie 

qa\  qai  ^np  yXa,  (4.49) 

me  hnp  -  npHBefleHHaa  k  Becy  rpyHTa  paccMaTpHBaeMoro  ynacTKa  BbicoTa 
rpyHTa  BbimejiejKamHx  cjioeB  ctchkh  H  BMecTe  c  BpeMeHHoii  Harpy3KOH,  ecjin 
nocjieflHaa  HMeeT  MecTo;  Xa  -  K03c|x|)imMenT  aKTHBHoro  naBneinui, 

K  =  tg2(45°  -  p/2). 

B  o6meM  BH^e  jsjik  n- ro  cjioh  npHBefleHHaa  BbicoTa 

K  =  K  +  h,A—  ■  (4-50) 

Y  mn 

Ecjih  Ha  noBepxHOCTH  3acBinKH  HMeeTca  BpeMeHHaa  Harpy3Ka  p,  Toma 

K  =  K+(K-l+—)—,  (4.51) 

Y  mn — 1  Y  m 
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rae  h  -  cjioh  rpyHTa,  Ha  hhjkhch  rpaHHpe  KOTOporo  onpeaenaeTca  opaHHaTa 
HHTeHCHBHOCTH  aaBJieHHa  rpyHTa;  hn  -  BticoTa  cnoa  c  yn,  othochtcjibho  koto- 
poro  SepeTca  npHBeaeHHaa  BbicoTa  BbimejioramHx  cnoeB  (npn  HeoaHOpoaHOH 
3actinKe);  hn. i  -  BbicoTa  Bbimenoramero  cnoa  rpyHTa  c  yn.\,  aBJiaiomaaca  Ha- 
rpy3KOH,  norameH  Ha  noBepxHOCTH  paccMaTpHBaeMoro  ynacTra  n;  p  —  Bpe- 
MeHHaa  Harpy3Ka;  y  -  yaejibHbra  Bee  rpyHTa  Ha  OTMence  ana  KOTJiOBaHa  (Boao- 
eMa)  co  CTOpOHbi  3acbinKH  (c  yneTOM  B3BemeHHoro  cocToamia  npn  HajiHHHH 
rpyHTOBbix  Boa  h  Bonbi  nepea  ctchkoh). 


Phc.  4.22.  CxeMa  pacnpeaejieHHa  aaBJieHHa 
rpyHTa  Ha  3aaHicepeHHyio  mnyHTOByio  CTeHKy 

B  (j)opMyjie  (4.49)  paBeHCTBO  qa\  =  qa2  aBJiaeTca  aonymeHHeM  c  pejibio 
ynpomeHHa  pacneTa.  TaKoe  ynpomeHHe  Mano  BJinaeT  Ha  tohhoctb  pacneTa. 
Hnace  ana  KOTJiOBaHa  (BoaoeMa)  aKTHBHoe  aaBJieHHe  yMeHbmaeTca  no  Mepe 
npHoaH/Kemia  k  MecTy  «3aaejiKH»  rnnyHTa  b  rpyHTe.  Moray  anoM  KOTJiOBaHa  h 
MecTOM  «3aaejiKH»  pa3BHBaeTca  naccHBHbiH  oraop,  MarcHManbHaa  opaHHaTa 
KOTOporo  eooTBeTCTByeT  MecTy  «3aaejiKH»  rnnyHTa,  a  3aTeM  c  oSpaTHOH  cto- 
pOHbi  noaBJiaeTca  oSpaTHbin  OTnop,  roTOpbin  3aMeHaeTca  momchtom  M3aa. 

Tonra  C  eooTBeTCTByeT  MecTy  «3aaejiKH».  nojioaceHne  stoh  tohkh  3aBH- 

CHT  OT  CBOSoaHOH  BbICOTbl  CTCHKH  H ,  5KCCTKOCTH  CTCHKH  EJ ,  MOayJia  ae^OpMa- 
u,hh  rpyHTa  E0,  b  roTOpbin  norpyacaeTca  mnyiiTOBaa  CTeiiKa,  noaaTJiHBOCTH  aH- 
repHoro  rpenjieHHa  h  MecTa  nojioaceHHa  amcepa  no  BbicoTe  ctchkh. 

Ha  ynacTKe  A—B  MHHHMajibHaa  opaHHaTa  aKTHBHoro  aaBJieHHa  pacnojia- 
raeTca  b  cpeaHen  nacra  Moray  aHrepOM  h  anoM  roTJiOBaHa  (BoaoeMa)  h  bbi- 
nncjiaeTca  no  (jjopMyjie 

a  =  mk  =Tl  Kp-Ym-K*  (4.52) 

rae  r\  -  ro3(J)(j)Hu,HeHT  yMeHbineHHa  arTHBHoro  aaBJieHHa  rpyHTa  3acbinrH  b 
cpeaHen  nacra  CTemcH,  onpeaeJiaeMbrii  no  rpacjjnry  (pnc.  4.23)  ana  HecBa3Hbix 
rpyHTOB,  t.  e.  r\  =  f[H ZE J). 
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OTHOCHTCJlbHajI  rH6xoctb  H/EJ 


PhC.  4.23.  3aBHCHMOCTb  K03(|)(|)HLI,HeHTa  r| 
OT  OTHOCHTeJIbHOH  I  mSkOCTH  CTeHKH  H/EJ 


PacneT  3aaHicepeHHBix  (thOkhx)  ctchok  npoH3BOflHTCM  jih6o  aHajiHTHne- 
ckhm  [5],  jih6o  rpa(J)oaHajiHTHHecKHM  mcto^om  ynpyrofi  jihhhh  [24], 

PacneT  ctchkh  c  o^hhm  aHKepHBiM  3aKpeiuieHHeM  b  6ojibhihhctbc  cjiy- 
naeB  BefleTCfl  rpacjjoaHajiHTHHecKHM  mcto^om  Ha  ocHOBaHHH  TeopHH  KyjiOHa. 
Hhcjichhbih  npHMep  Taicoro  pacneTa  npHBe^eH  Ha  pnc.  4.24  c  yneTOM  nepepac- 
npeflejieHHa  ^aBJieHHa  rpyHTa  3acBinKH  3a  ctchkoh  [5],  B  ,naHHOM  cjiynae  bbo- 
flOTca  ynpomeHHa,  Kacaiomnecfl  BH^a  3mop  naccHBHoro  ^aBJieHHa  rpyHTa 
cnpaBa  h  cjieBa  ot  ctchkh:  co  ctopohbi  3acBinKH  3aMeHaeTca  chjioh  E'p;  jieBan 
orpaHHHHBaeTca  ropH30HTajiBHOH  a6cu,HCCOH  (pnc.  4.24,  a,  6).  KpOMe  toto, 
yHHTMBaeTca  HajiHHHe  TpeHHa  MOK^y  ctchkoh  h  rpyHTOM,  KOTOpoe  oica3BiBaeT 
cymecTBeHHoe  bjihuhhc  Ha  BejiHHHHy  K03(J)(J)Hu,HeHTa  naccHBHoro  ^aBJieHHa 
HecBa3Horo  rpyHTa  Xp.  IIpH  onpe,nejieHHH  >Ke  aKTHBHoro  flaBJieHHa  rpyHTa 
BJiH^HHeM  TpeHHa  npeHe6peraK)T.  3HaneHHa  K03(J)(J)Hu,HeHT0B  k  h  k'  mo>kho  on- 
peflejiaTB  no  Ta6n.  4.11  [24]  b  3aBHCHMOCTH  ot  yrjia  BHyTpeHHero  rpyHTa  hh>kc 
AHa  BOflOeMa  (KOTJIOBHHa) . 


Ta6jiHu,a  4.1 1 


3HaHeHHH  K03(])(])HHHeHT0B  k  H  k' 


K03(J)(l)HU,HeHT 

Yroji  BHyTpeHHero  rpyHTa  HH>Ke  jnia  BOjiocMa  (p° 

15 

20 

25 

30 

35 

40 

k 

WESKi 

mm , 

2,00 

k’ 

■EjSH 

IESSH 

Ban 

0,35 

npHMenaHHe.  Ko3(|)(})Hii,HeHT  k  Hcnojib3yeTca  jijui  raHHHCTbix  rpyHTOB  3acbinKH 
b  oSnacTH  aKTHBHoro  ^aBJieHHa,  k'—  npn  onpcjicjicnm-i  naccHBHoro  aaBJiciiHH. 


PacneT  ctchkh  c  OflHoaHKepHBiM  3aKpenjieHHeM  npOH3BOflHTca  b  cjie- 
AyiomeM  nopuflice  [24],  CTpoaTca  amopri  aKTHBHBix  h  naccHBHBix  chji  ^aBJie- 
HHa  rpyHTa,  KOTOpBie  nocjie  bbihhcjichhh  npHoSpeTaiOT  bh^,  H3o6pa5KeHHBiH 
5KHpHBIMH  JIHHHUMH  Ha  pHC.  4.24,  npH  3TOM  rpaHHU,a  amop  CHH3y  npHHHMa- 
eTCn  c  3aBeflOMMM  3anacoM.  nojiyneHHaa  pe3yjiBTHpyiomaii  amopa  3aMemieTai 
3JieMeHTapHMMH  CHJiaMH  .ziaBJieHHa  rpyHTa,  npHJio}KeHHBiMH  b  ueiiTpax  TH>Ke- 
cth  cooTBeTCTByKDHiHx  nojiocoK,  Ha  KOTOpBie  pa36nTa  amopa  (pnc.  4.24,  6).  3a- 
tcm  fljia  nojiyneHHOH  chctcmbi  chji  CTpOHTca  chjioboh  MHoroyrojiBHHK 
(pnc.  4.24,  e),  nojuoc  KOTOporo  noMemaeTCn  Ha^  cpe^Heii  cyMMBi  aKTHBHBix 
chji,  a  nojiiocHoe  paccTOJimie  r\a,  x\p  npiimiMacTCH  paBHBiM  npHMepHO  (c  OKpyrjie- 
hhcm)  hx  nojiycyMMe.  ,H,ajiee  ctpohtch  BepeBomiBiii  MHoroyrojiBHHK  (pnc.  4.24,  2); 
nocjieflHHH  HMeeT  BBinyKJiocTH:  BBepxy  -  b  o^Hy  CTOpOHy,  BHH3y  -  b  flpyryio. 
HaKOHeu,,  npoBO^HTCn  3aMBiKaiomaa  A'C'  tbkhm  o6pa30M,  hto6bi  momcht  b 
npojieTe  6biji  paBeH  hjih  hcmhoto  (Ha  10  %)  npeBOCxo^HJi  momcht  b  3a,nejiKe 
(BHH3y),  t.  e.  hto6bi  HanSojiBHiHe  op^HHaTBi  amopBi  momchtob  6bijih  CBH3aHBi 
paBCHCTBOM 

^  =  (1,0-1,1)72.  (4.53) 
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Tonica  C'  nepecenemia  3aMBiKaiomeH  A'C'  onpe^ejiaeT  nojioaceHHe  chjibi 
E'p,  npHneM  coBna^eHHe  hh^khch  rparoipBi  amopBi  oSpaTHoro  OTnopa  c  ypOB- 
HeM  tohkh  C'  oSecneHHBaeTca  mcto^om  nocae^OBaTejiBHoro  npH6jiH>KeHHa. 
npHpameHHe  At  niySHHBi  3a6nBKH  ctchkh  b  ^aHHOM  cjiynae  paccnHTBiBaeTca 
no  BBipajKeHHio 


At 


E' 


2y0  h:v{k'Xp-Xay 


(4.54) 


me  E'p  -  nonyneHHaa  rpacjmnecKH  BejiHHHHa  OTpe3Ka,  OTceKaeMoro  b  chjiobom 
MHoroyronBHHKe  (pnc.  4.24,  e)  nocneflHHM  nynoM  3Toro  MHoroyrojiBHHKa  n 
nynoM,  napamiejiBHBiM  laMBiKaiomen;  h'"p  -  npuBeaennaa  B&icoTa  rpyHTa  3a- 

CbinKH,  Jieacamero  Bbime  tohkh  npHJioaceHHa  chjibi  E'p;  k'  -  K03(ji(|)Hii,HeHT,  on- 
peflejiaeMBin  no  Ta6ji.  4.11;  y,  Xp,  Xa  -  cooTBeTCTBeHHO,  y/iejiBHBin  Bee  n  Koacji- 
(jiHu,neHTBi  naccHBHoro  n  aKTHBHoro  mBJieHHa  rpyHTa  Ha  ypOBHe  tohkh  npn- 
JIOJKeHHH  CHJIBI  E'p. 

BejiHHHHa  aHKepHoro  ycHJimi  Ra  onpe^ejiaeTca  no^oSHO  cnjie  E'p  H3  ch- 
jiOBoro  MHoroyrojiBHHKa;  cnjia  Ra  OTceKaeTca  nepBBiM  jiynoM  3Toro  mhoto- 
yrojiBHHKa  h  JiynoM,  napajuiejibHbiM  3aMBiKaiomeii.  HaHSojiBHinn  H3ra6aiomHH 
MOMeHT  Mmax  BBiHHCJiaeTca  H3  amopBi  momchtob  (pnc.  4.24,  z)  no  (jiopMyjie 

M max  P  'J!max  •>  (4.55) 

me  p '  -  nojnocHoe  paccTOUHne  CHJiOBoro  MHoroyrojiBHHKa;  ymax  -  MaKCHMajiB- 
Haa  opflHHaTa  BepeBOHHoro  MHoroyrojiBHHKa,  m. 

H3rH6aiomHii  MOMeHT  Mmax,  nojiyneHHBiii  b  pe3yjiBTaTe  pacneTa  no  Me- 
TO^y  EjiiOMa  h  no  MeTO^y  ynpyroii  jihhhh,  c  yneTOM  nepepacnpeflejieHHa  aK- 
THBHoro  ^aBJieHHa  co  ctopohbi  3acBinKH  [24],  HMeeT  3aBBimeHHoe  3HaneHHe, 
TaK  KaK  BCJie^CTBHe  rn6KOCTH  ctchkh  npOHCxo^HT  nepepacnpeflejieHne  aKTHB- 
Horo  ^aBJieHHa  rpyHTa,  npnneM  ^aBJieHHe  b  npojieTe  yMeHBinaeTca,  a  k  aHKep- 
hoh  onope  yB e jihhhb aeTca  (cm.  pnc.  4.24).  OKOHnaTejiBHaa  BejiHHHHa  rjiySnHBi 
3a6nBKH  mnyHTOBoii  CTeHKH  ycTaHaBJiHBaeTca  no  BBipaaceHHio 

t  =  to  +  Att ,  (4.56) 

me  to  -  rjiySnHa  3a6iiBKH  ctchkh,  cooTBeTCTByiomaa  tohkc  npHJioaceHna  chjibi  E'p, 
onpeflejiaeMoii  b  pe3yjiBTaTe  rpa^nnecKoro  nocTpoeHHa  MHoroyrojiBHHKa  chji. 

Ha  ynacTKe  Momy  aHKepOM  h  hiiom  KOTJiOBaHa  hjih  BoaoeMa  amopa  aKTHB- 
Horo  aaBHemia  pacnpe^ejiaerca  no  3aKOHy  KBanpamoH  napaSojiBi  (cm.  pnc.  4.22), 
opflHHaTBi  KOTOpoii  onpe,nejifliOTCfl  corjiacHO  BBipaaceHHio 

qa  =  4k/ +  a,  (4.57) 

me  ka  =  x2//2;  f=qai~  qa 2,  a  -  hht6hchbhoctb  aKTHBHoro  ^aBJieHHa  rpyHTa  b 
cpe^Heii  nacTH  Meac^y  aHKepOM  h  ^hom  BO^oeMa  (KOTJiOBaHa),  npn  x  =  0 

a  =  T}-qa,  (4.58) 
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r|  -  ko3(J)(J)hli,hght  yMeHBHieHHn  aKTHBHoro  AaBJiemni  no  cpaBHeHHio  c  ^aBJie- 
HneM  no  KynoHy,  3HaneHne  KOTOporo  mojkho  onpe^enHTb  no  rpa(J)HKy 
(cm.  pnc.  4.23);  qa.k~  HHTeHCHBHOCTB  aKTHBHoro  .ziaBJieHHii,  KOTOpaa  bbihhcjhi- 
eTCn  no  Teopnn  KynoHa  Ha  3toh  >Ke  rjiySnHe  no  (JiopMyjie 

q  a.k  =  knp-'Ycp-'ha- 

npn  nocTpoeHHH  sniopbi  aKTHBHoro  ^aBJieHHM  rpyHTa  Ha  CTemcy  Hanajio 
KOOpflHHaT  npHHHMaeTca  b  cpe^Hen  nacra  ctchkh  (cm.  pnc.  4.22)  MOKAy  arace- 
pOM  H  flHOM  BOflOeMa  (KOTJIOBaHa). 

npH  HaJIHHHH  ypOBHM  rpyHTOBBIX  BOA  HeoSxOAHMO  yHHTBIBaTB  H36BITOH- 
Hoe  THApocTaTHnecKoe  AaBJieHHe  nyreM  AoOaBJieHHn  k  opAimaTaM  3mopBi  aK¬ 
THBHoro  AaBJieHmi  opAHHaT  h36bitohhoto  THApocTaranecKoro  AaBJieHHn  hh>kc 
T0pH30HTa  rpyHTOBBIX  BOA. 

Ha  ynacTKe  Me>KAy  boaocmom  h  ocHOBaraieM  mnyHTOBOH  ctchkh  npn 
onpeAejieHHH  opAHHaT  naccHBHoro  oraopa  mo>kho  nojiB30BaTBCn  cjieAyiomeH 
(jDOpMyjioii: 

qp  =  k  t'ojXp,  (4.59) 

V  =  tg2  (45°  +  <p/2), 

TAe  k  -  K03(jx|)HH,HeHT  yBejiHHeHHn  naccHBHoro  AaBJieHHn  3a  cneT  TpeHHn  rpyH¬ 
Ta  o  CTemcy  (cm.  Ta6n.  4.11);  t'o  -  npeABapHTejiBHO  npHHUTan  rjiyOnHa  3a6nBKH 
ctchkh;  y  -  yAejiBHBiil  Bee  rpyHTa;  Xp  -  K03(|)(j)Hu,HeHT  naccHBHoro  omopa 
rpyHTa 

3mopa  oopamoro  naccHBHoro  oraopa  3aMeiHieTCH  chjioh  E'p,  npiiao/KennoH 
B  OCHOBaHHH  CTCHKH,  H  OnpeACHHCTCH  H3  MHOTOyTOJIBHHKa  CHJI  (pHC.  4.24,  <?). 

II  p  h  m  e  p  12.  Ha  pnc.  4.14  noKa3aHa  CTeHKa  mjno3a  H3  MeTajuiHHe- 
ckoto  njiocKoro  rnnyHTa  Hin. 

HeoSxoAHMO  onpeAeJiHTB:  MaKCHMajiBHBiil  H3TH6aiomHH  momcht,  rjiy- 
6nHy  3a6nBKH  ctchkh  h  aracepHoe  ycHJine. 

3acBinKa  3a  ctchkoh  npeACTaBJineT  co6oh  necoK,  npHneM  ot  otmctkh 
+0,5  ao  +3,0  m  3ajieraeT  necoK  c  yi  =  1,8  t/m3,  yron  BHyTpeHHero  TpeHna  (pi  =  35°. 
Hhjkc  ypoBiia  rpyHTOBBIX  boa  AO  otmctkh  -4,0  m  3ajieraeT  necoK  c  y2  =  1,1  t/m“ 
(c  yneTOM  B3BemeHHOcra)  h  (p2  =  30°.  Hhjkc  otmctkh  4,0  m  3ajieraeT  rpaBejiH- 
CTO-necnaHBiH  rpyHT  c  y  3  =  1,1  t/m  (c  yneraM  b3bchichhocth)  h  (p3  =  35°. 

Pe  hi  e  h  h  e.  Ha  noBepxHOcra  3acBinKH  BpcMcmiaH  Harpy3Ka  q=  1,0  t/m“. 

1 .  Ctpohm  3mopy  aKTHBHoro  AaBJieHHn  3acBinKH. 

PaccHHTBiBaeM  aKTHBHoe  AaBJieHHe  Ha  ypOBHe  aHKepa  h  Ana  HiJii03a: 

q<i\  q<:i2  h  np  yika2 

TAe  h  ^  -  npHBeAeHHaa  bbicota  c  yneTOM  BpeMeHHoii  Harpy3KH, 
h%  =  (4,0  +  0,5)  +  (2,5  +  1, 0/1, 2)- 1, 8/1,1  =  9,51  m; 
qr  -  THApocTaranecKoe  AaBJieHHe  boabi  3a  ctchkoh; 
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qa  1  =qa 2  =  9,51  •  1,1  •  0,333  +  0,5  =  3,99  t/m2. 

OpflHHaTy  aKTHBHoro  ^aBneHna  Ha  ypOBHe  aHKepa  h  ,zpia  nuiK)3a  npHHH- 
MaeM  qa2  =  3,99  t/m“. 

2.  BtiHHCJiaeM  aKTHBHoe  ^aBJieHHe  b  cpe^Hei!  nacTH  ctchkh  (MOK^y  aH- 
KepOM  h  flHOM  Bo^oeMa): 

a  =r\-qk+  qr, 

r,ne  r\  -  Koa^HipieHT  yMeHtmeHHa  aKTHBHoro  ^aBJieHHa,  npHHHMaeM  paBHBiM 

0,3;  qk  =  h" np  •  y2 •  Ki-  npnneM 

h'  np  =  (1,25  +  0,5)  +  (2,5  +  1/1, 8)  1, 8/1,1  =  6,76  m. 

Tor^a 

a  =  0,3  •  6,73  •  0,333  +  0,5  =  1,25  t/m2. 

3.  Ctpohm  amopy  aKTHBHoro  ^aBJieHHa  3actinKH  MOK^y  aHKepOM  h  /ihom 
HIJlK)3a. 

OpflHHaTbi  aKTHBHoro  ^aBJieHHa  onpe^ejiaeM  no  (J)opMyne  (4.57),  a  nac- 
chbhoto  -  no  (f)opMyjie  (4.59).  HncjieHHBie  3HaneHHa  ^aBJieHHa  npHBefleHbi  Ha 
pnc.  4.24,  a,  BejiHHHHy  /  HaxoflHM  no  (J)opMyne 

/=  (A"„ P  '  Y2  ■  Ki+qi) -a  =  9, 5M, 1-0,333  +  0,5  -  1,25  =  2,74  t/m2. 

no  .naHHBiM  pacneTOB  nocTpoeHa  amopa  ^aBJieHHa  rpyHTa  Ha  CTemcy. 
nyHKTHpOM  noKa3aHa  amopa  no  Teopnn  KyjiOHa. 

4.  nojiyneHHyio  pe3yjiBTHpyiOHiyio  amopy  3aMemieM  ajieMeHTapHBiMH  ch- 
jiaMH  cooTBeTCTByiouinx  nonocoK,  Ha  KOTOpBie  pa36nTa  amopa  (cm.  pnc.  4.24,  6). 

5.  nojiyneHHOH  chctcmbi  chji  P  ctpohm  chjioboh  MHoroyrojiBHHK  b 
npHHaTOM  MacniTaSe  chji  (cm.  pnc.  4.24,  e),  a  HHCJieHHBie  hx  3HaneHHa  npnBO- 
/IHM  b  Ta6ji.  4.12. 


Ta6jiHu,a  4.12 


3Ha»ieHHfl  CHCTeMbi  chji  P,  qa 


p 

Qa 

P 

qa 

P 

Qa 

P 

qa 

Pi 

0,79 

P  6 

0,67 

^10 

0,92 

P 14 

1,27 

Pi 

2,0 

Pi 

0,65 

Pn 

1,18 

Pl5 

3,21 

Pi 

2,12 

P  8 

0,65 

Pn 

2,5 

Pl6 

5,16 

P4 

1,06 

P  9 

0,67 

Pn 

0,72 

Pn 

7,12 

Ps 

0,92 

nojnoc  MHoroyrojiBHHKa  chji  nan  cepenmion  cyMMBi  aKTHBHBix  chji  npH¬ 
HHMaeM  paBHBIM 


T1«  =  1  -  13/14  -  17  =  Px  +  P2  +. . .  Pn =  14,92  =  7,5  r. 

nojnoc  naccHBHbix  chji  npHHHMaeM  paBHBiM  nojuocy  aKTHBHBix  chji,  t.  e. 
Tla  =  7,5  T. 
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6.  CTpOHM  BepeBOHHLIH  MHOTOyTOJIbHHK.  3TOTO  npOBOflHM  nepBBIH 

jiyn  (ot  noBepxHOCTH  3aci>inKn)  napajuiejibHO  Jiyny  1-0  CHJiOBoro  MHoroyrojib¬ 
HHKa  (cm.  pHC.  4.24,  e )  %o  nepeceneHmi  c  chjioh  P\  (cm.  pnc.  4.24,  6),  3aTeM  c 
tohkoh  nepeceneHHn  Jiyna  BepeBOHHoro  MHoroyrojibHHKa  c  chjioh  P\,  ^ajiee 
npoBOflHM  Jiyn  napajuiejiBHO  Jiyny  2-0  h  Tax  aaaee  j\jik  Bcex  aKTHBHbix  chji.  3a- 
TeM  CTpOHM  BepeBOHHBIH  MHOTOyrOJIBHHK  naCCHBHBIX  CHJI.  ^JM  ero  nOCTpOeHHH 
CMemaeM  nojuoc  MHoroyrojiBHHKa  chji  no  BepTHKajiH  b  Tonicy  0\,  nocTpoeHne 
BepeBOHHBIX  MHOTOyrOJIBHHKOB  naCCHBHBIX  CHJI  npOH3BOflHTCa  aHaJIOTHHHO 
MHoroyrojiBHHKaM  aKTHBHbix  chji  (pnc.  4.24,  e,  z). 

BepeBOHHbiii  MHoroyrojibHHK  HMeeT  BbinyKJiocTH:  BBepxy  -  b  o^Hy  cto- 
pOHy,  BHH3y  -  b  .apyryio  CTOpOHy  (cm.  pnc.  4.24,  z). 

HaKOHeu,,  npoBO^HM  3aMbiKaiomyio  A'C  tbkhm  o6pa30M,  htoobi  mo- 
mcht  b  npojieTe  6biji  paBeH  hjih  hcmhoto  npeBbimaji  (Ha  10  %)  momcht  b  3a- 
^ejiKe  (BHH3y,  cm.  3aBHCHMOCTb  (4.53)).  npHHHMaeM  yi  =  1,1,  y2  =  1,1  •  0,8  = 
0,9  m.  IIpH  nocTpoeHHH  amopbi  momchtob  (pnc.  4.24,  z)  3aMbncaiomyio  A'C 
HeoSxoflHMO  npoBOflHTb  c  tohkh  A',  t.  e.  c  nepeceHemni  nepBoro  Jiyna  Bepe- 

BOHHOTO  MHOTOyrOJIbHHKa  C  JIHHHCH  JICHCTBIia  aHKepHOTO  yCHJIHU.  BeJIHHHHy 

MaKCHMajibHoro  MOMeHTa  onpe^ejiaeM  no  cJiopMyjie  (4.55): 

A^max  Amax  7,5  0,89  6,7  T'M. 

IIpH  pemeHHH  3toh  3a^aHH  c  yneTOM  Teopnn  KyjiOHa,  coraacHO  amope 
aKTHBHOTO  flaBJICHHH,  nOKa3aHHOH  nyHKTHpOM  Ha  pHC.  4.24,  BeJIHHHHa  H3TH- 
oaiomero  MOMeHTa  Mmax  =  12,6  t-m.  B  npaKTHKe  npocKTHpoBamia  3aaHKepeH- 
hbix  mnyHTOBbix  CTeHOK  nojiyneHHyio  BejiHHHHy  MaKCHMajibHoro  H3rH6aiome- 
ro  MOMeHTa  yMeHbinaiOT  nyTeM  ^ejieHHn  Ha  K03(J)(J)HH,HeHT  1,35  [5],  t.  e. 
Mpac  =  12,6/1,35  =  9,3  t-m,  Tor^a  icax  c  yneTOM  nepepacnpeflejieHHa  rpyHTa  Ha 
rnSicyio  CTemcy  momcht  paBeH  6,7  t-m. 

7.  Onpe^ejiaeM  aHKepHoe  ycnjine  H3  chjioboto  MHoroyrojibHHKa.  IIo- 
^o6ho  CHJie  Ep  CHJia  Ra  OTcexaeT  nepBbiM  jiynoM  stoto  MHoroyrojibHHKa  h  Jiy- 
hom,  napajuiejibHbiM  3aMbiicaiOHieH  A'C'  (pnc.  4.24,  e,  HiTpHx-nyHKTHpHaa  jih- 
hhh),  b  pe3yjibTaTe  nojiynaeM  Ra  =  9,3  t,  Tor^a  xax  c  yneTOM  Teopnn  KyjiOHa 
Ra=  7,7  t,  t.  e.  Ha  1,6  t  MeHbine. 

8.  BbiHHCJiaeM  niySHHy  3a6nBKH  mnyHTOBoii  ctchkh  no  (jiopMyjie  (4.56), 
r^e  TOHKa  C'  nepeceneHHn  3aMbiicaiomeH  A'C'  onpe^ejiaeT  nojiojKeHHe  chjibi 
E  p,  npnneM  coBna^eHne  hhjkhch  rpaHHpbi  amopbi  oSparaoro  oraopa  c  ypOB- 
HeM  tohkh  C'  oSecneHHBaeTca  mcto^om  nocjieflOBaTejibHoro  npH6jiH>KeHHii. 
B  ^ajibHeiiHieM  HaxoflHM  ycTOHHHBOCTb  ctchkh  H3  ycjiOBHa  K03(|)(J)Hu,HeHTa  yc- 
tohhhbocth  no  KpyrjiOH,HJiHHflpHHecKOH  noBepxHOCTH  CKOJib>KeHHii.  npHpame- 
Hne  At  TJiySnHbi  3a6nBKH  ctchkh  b  ^aHHOM  cjiynae  paccnHTbiBaeM  no  (jiopMyjie 
(4.54).  Ko3(J)(J)Hu,HeHT  k  ,  BJimnomnii  Ha  BejiHHHHy  K03(J)(J)Hu,HeHTa  Xp  naccHB- 
hoto  omopa  3a  cneT  chji  Tpemni,  onpeflejiaeM  no  Ta6ji.  4.11.  ,Z],jni  (p  =  35° 
k'  =  0,41.  Tor^a 
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At=  E'p/2y-  h™p  (k  Xp-Xa)  =  1 1,21/2-12, 04-1,1  =  0,34  m, 

rae  h  "np  -  npHBeaeHHaa  BbicoTa  (cm.  pnc.  4.24,  a)  BbimenoKamux  cnoeB 
rpyHTa  c  yaeTOM  Harpy3KH  Ha  noBepxHOCTH  3acBinKH  k  TpeTteMy  cjiokd,  coot- 
BeTCTByKDmeMy  MecTy  npHaoaceHHa  chjibi  E'p  ,  t.  e. 

/?np  =  2,53  +9,51  =  12,04  m, 

K03(J)(|)HU,HeHT  naCCHBHOrO  ^aBJieHHM 

Xp  =  tg2(45°  +  ^)=  tg245  +  352  =  3,69. 

K03(j)(|)HI],HeHT  aKTHBHOrO  aaBaemia 

Xa  =  tg2 (45°  -^)=  tg245  -  352  =  0,271. 

OKOHHaTejiBHyio  BejiHHHHy  3a6nBKH  onpeaeaacM  no  (j)opMyjie 
t  —  to  +  At  —  2,53  +  0,34  =  3,0. 

C  yneTOM  TeopHH  KyjiOHa  ray6HHa  3a6nBKH  noayaaeTca  paBHoii  3,7  m. 
^ajiee  HeoSxoanMO  npoH3BecTH  pacaeT  Ha  ycTOHHHBOCTB  ctchkh  h  ycTaHOBHTB 
ee  OKOHnaTejiBHyK)  ray6nny  3a6nBKH. 

2.4.3.  PacneT  o6meii  ycTOHHMBOCTM 

PacneT  o6meii  ycTOHHHBOCTH  coopyaceHHa  npOTHB  ropH30HTajibHoro 
CflBHra  BMecTe  c  MaccHBOM  rpyHTa,  3aKaiOHeHHbiM  Meacay  mnyHTOBOH  ctchkoh 
h  aHKepHOH  njiHTOH  (pnc.  4.25),  BbinoaHaKDT  b  aayx  cayaaax:  npn  pa3HOpoa- 
hbix  rpyHTax  ocnoBainia  h  3acbinKH,  Koraa  rpyrnu  ocnoBanna  hmciot  xyamne 
xapaKTepHCTHKH,  neM  rpyHTBi  3acbinKH;  npn  pacnoaoaceHHH  amcepHBix  naHT 
pacnoaoaceHbi  ot  mnyHTOBOH  ctchkh  Ha  mchbihcm  paccToaHHH,  aeM  Lmax.  Yc- 
tohhhboctb  CTeHKH  oSecneHHBaeTca  npn  coSaiofleHHH  caeayiomero  HepaBeH- 
CTBa  [11]: 

Wcm  +  Qa  +  Hw<  y c(Qp  +  Wya),  (4.60) 

rae  WCJX&  -  pacaeTHaa  BeanaHHa  paBHoaeiiCTByiomeH  cna,  caBHraiomHx  MaccHB 
rpyHTa,  3aKaK)aeHHBiH  Moray  mnyHTOBOH  h  amcepHOH  CTeHKaMH;  Qa  -  ropn- 
30HTaaBHaa  cocTaBaaiomaa  paBHoaeiiCTByiomeH  aKTHBHoro  aaBaeHHa  rpyHTa 
Ha  aHKepHBie  naHTbi;  Hw  -  cyMMa  rnapocTaTHwecKoro  aaBaeHHa  h  oanon  H3 
caeayiOHHix  Harpy30K:  BoaHOBoro  aaBaemia  nan  HiBapTOBOH  Harpy3KH  (npH 
CTpOHTeaBCTBe  naoepc'/Kiibix  Ha  Boaoxpan na m max  nan  Ha  peKax),  nocaeanaa 
pacnpeaeaaeTca  Ha  a+HHy  ccku,hh;  yc  -  K03(|)(|)Hu,HeHT  ycaoBHH  paSoTbi,  paB- 
Hbiil  1,2  (BBeaeHHe  yc  noKa3biBaeT,  hto  H3-3a  npeHeSpeaceHHa  TpeHneM  Meacay 
noaocxaMH,  Ha  KOTOpbie  pa3aeaaK)T  MaccHB  rpyHTa,  HCKyccTBeHHO  3aHHacaeTca 
ycTOHHHBOCTB  ctchkh);  Qp  -  ropH30HTaabHaa  cocTaBaaiomaa  naccHBHoro  aaB- 
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neHHa  rpyHTa  nepe^  mnyHTOBOH  ctchkoh;  Wyjx  -  pacneTHaa  Beanmnia  paBHO- 
^eiiCTByiomeH  chji,  y/iepacHBaioiHHx  mbcchb  rpyHTa  MOK^y  mnyHTOBOH  h  aH- 
KepHOH  CTeHKaMH. 


Phc.  4.25.  CxeMa  k  pacHeiy  o6meM  ycTOHHHBOCTH  ctchkh 

PacneT  no  (j)opMyjie  (4.60)  BbinoaHaeTca  BapHapHomibiM  mctoaom.  3a- 
MemieTca  noBepxHOCTb  cicoabaceHHa  naocicocTaMH  cicoabaceHHa,  npoxoflamHMH 
nepe3  HHacHHe  tohkh  rnnyHTa  n  aHKepHbix  njiHT  (cm.  pnc.  4.25).  IIpHBefleHHBiH 
MeTOfl  pacneTa  o6meH  ycTOHHHBOCTH  HaSepeacHOH  pa3pa6oTaH  A.  H.  Eor^aHO- 
bbim,  C.  B.  HepnnHbiM,  T.  H.  3KeaaHKHHbiM,  B.  B.  TypeBHH  [3], 

HanSojiee  onacHyio  noBepxHOCTb  cicoabaceHHa,  ,naa  kotopoh  pa3HOCTb 
MOK^y  MHHHMaJIBHOH  yZjep  >K  M  B  a  I O  LH  C  H  CHJIOH  Wya  H  MaKCHMaJIBHOH  CflBHraiO- 
mCH  CHJIOH  fVc;w  HMeeT  MHHHMaJIBHyiO  BeJIHHHHy,  HaXOflOT,  H3MCIHHI  yrJIBI  (1,,  P, 
(cm.  pnc.  4.25).  3Toro  npHMemnoT  rpacpoaHaaHTHnecKHH  mcto#.  MaccHB 
rpyHTa  MOK^y  mnyHTOBOH  ctchkoh  h  amcepHBiMH  njiHTaMH  pa3aenaiOT  Ha  ot- 
flejiBHtie  ojieMeHTti  b  e  p  t  n  k  a  a  b  n  b  i  m  m  naocKOCTaMH.  npn  oanopoanbix  rpyHTax 
o6pa3yiOTca  ^Ba  oaeMemra  c  o^hoh  BepTHKaabHOH  naocKOCTbio  BD  npn  Hajin- 
hhh  Harpy3KH  q0  Ha  noBepxHOCTH  3acbinKH,  a  npn  ee  OTcyTCTBHH  -  D  'C.  Ecan 
naocKOcm  CKoab/Kenmi  nepeceKaiOT  caon  rpyHTa  c  pa3HbiMH  xapaKTepncTHKa- 
mh,  MaccHB  ^eaHTca  Ha  HecKoabKO  MeaKHx  TaeMemroB  c  TaKHM  pacneTOM,  hto- 
6m  b  ocHOBaHHH  Kaac,noro  H3  hhx  aeacaa  oflHOpOflHbiH  rpyHT.  J\jik  OT^eabHoro 
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3JieMeHTa  naxoaaT  roprooHTajiBHyio  CHJiy  (cHBiiraiomyio  hjih  yaepacHBaio- 
myro)  no  (jiopMyjie 

A Wj  =  Gi/tg(ai  +  (p;)  - (cl  bt  / sin 2  a,  +sina/cosai  -  tgcp, ) ,  (4.61) 

rae  Gt  -  pacneTHLin  Bee  3JieMeHTa  (ynHTBiBaeTca  B3BeniHBaiomee  aaBJieHHe  bo- 
flBi  n  none3Haa  Harpy3Ka  Ha  ero  noBepxHOCTn);  bt  —  mnpnHa  3JieMeHTa,  paBHaa 
0,1  R ;  a,  -  yron  Meacay  BepTHicajiBio  n  njiocKOCTBK)  ocHOBaHHa  3JieMeHTa;  (p,- 
pacneTHBin  yron  BHyTpeHHero  TpeHna  rpyHTa;  ct  -  pacneTHoe  yaejiBHoe  cu,en- 
jieHne  rpyHTa  b  ocHOBaHHH  3JieMeHTa  npn  HajiHHHH  CBa3HBix  rpyHTOB. 

B  (J)opMyjie  (4.61)  fljia  3JieMeHTa,  ocHOBaHHeM  KOTOporo  cjiyacHT  mioc- 
koctb  DC  hjih  D'C,  yron  a,  3aMeHaeTca  ymoM  (180°  -  (3Z). 

BpeMeHHyK)  3KcnjiyaTau,HOHHyK)  Harpy3Ky  pacnojiaraiOT  Ha  noBepxHO- 
CTH  TOJIBKO  Tex  3JieMeHTOB,  JIHHHa  CKOJIBaceHHa  KOTOpBIX  COCTaBJiaeT  C  BepTH- 
KajiBK)  yron  a /<  (90°  -  q>i). 

06maa  BejiHHHHa  roprooHTajiBHoi!  chjibi  W  Bcero  MaccnBa  paBHa  cyMMe 
r0pH30HTaJIBHBIX  CHJI  OT^eJIBHBIX  BepTHKaJIBHBIX  3JieMeHTOB: 

W=  AWj.  (4.62) 

npn  BBiHHCJieHHH  ropH30HTajiBHOH  chjibi  W  Moryr  BCTpeTHTBca  aea  cjiynaa: 

1.  MaccHB  rpyHTa  oSjiaaaeT  h36bitohhoh  ycTOHHHBOCTBio  (W <  0),  Toraa 
npHHHMaiOT  onepTaHne  KpHBoii  CKOJIBaceHHa,  aaiomee  MHHHMajiBHyio  a6co- 
jHOTHyio  BejiHHHHy  W  (6e3  yneTa  3Haica). 

2.  MaccHB  rpyHTa  Hey ctohhhb  {W  >  0),  Toraa  npHHHMaiOT  onepTamie 
KpHBoii  CKOJiBaceHHa,  aaiomee  MaKCHMajiBHyio  Bejiiminiy  W. 

riocjie  ycTaHOBJieHHa  HanSojiee  HeB&iroaHoi!  noBepxHOCTn  CKOJIBaceHHa 

Haxo^aT  HOpMaTHBHBie  3HaneHHa  caBHraiomeH  W  h  yaepacHBaiomeH  W 
chji: 

^b=(+A^),  (4.63) 

Wyn  =  (-AJVj),  (4.64) 

rae  (+A Wj)  -  ropH30HTajiBHBie  chjibi,  BBrnicaenimie  ana  OTaejiBHBix  3JieMeHTOB 
no  (jiopMyjie  (4.61)  h  HMeiomne  nojioacHTejiBHBiH  3Haic;  (-A W,j  -  to  ace,  HMeio- 
mne  OTpHpaTejiBHBiH  3Haic  (cm.  pnc.  4.25). 

PacneTHBie  3HaneHHa  caBHraiomeii  h  yaepacHBaiomeH  chji  onpeaeJiaiOT 
no  (JiopMyjiaM 

W^=W^n,  (4.65) 

wyn  =  Wy„  -ym,  (4.66) 

rae  n  -  K03(J)(J)Hii,HeHT  neperpy3KH,  paBHBiH  1,1;  y;„  -  K03(J)(|)Hu,HeHT  oaHOpoa- 
HOCTH,  npHHHMaeMBIH  paBHBIM  0,9. 
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^anee  npoBepicy  ycToinniBOCTH  Beayr  no  (J)opMyjie  (4.60). 
npn  rjiHHHCTBix  rpyHTax  ocHOBamw  caeayeT  npon3BOAHTb  npoBepKy  Ha 
CKOJiBaceHHe  3acbinKH  no  noBepxHOCTH  KOTaoBaHa;  npn  stom  npnHHMaiOT  yroa 
BHyTpeHHero  TpeHHa  ranHHCToro  rpyHTa  He  6oaee  14-16°  n  yaeabHoe  cpenae- 
Hne  Ha  KOHTaicre,  paBHoe  0,05  Mila  (He3aBHCHMO  ot  BeaHHHHBi  ero  b  Toame 
raHHHCToro  rpyHTa). 

PacaeT  o6meii  ycTOHHHBOCTH  npon3BoaaT  npn  MHHHMaaBHOM  ypOBHe 
BOAbi  b  BoaoxpaHHaHHje  nan  peice. 


2.5.  2Kejie3o6eTOHHbie  noanopHbie  CTemcn 

B  THapOTexHHHecKHx  coopyacemiax  noanopHbie  ctchm  aBaaiOTca  HeoTb- 
eMaeMbiM  aaeMeHTOM  npn  CTpOHTeabCTBe  neperopaacHBaiomHx  coopyaceHHH, 
OTKpbiTbix  SbiCTpOTOKOB  h  nepenaaoB,  peryaaTOpOB,  KaHanoB,  bxoahmx  h  bbi- 
xoahbix  oroaoBKOB,  aBaHKaMep  HacocHbix  CTaHu,HH,  maK)30Bbix  ctch  h  t.  n. 

2.5.1.  THnw  noanopHbix  ctchok 

,I(ByxcTyneHHaTbiH  aceae3o6eTOHHbiii  nepenaa,  b  kotopom  SoxoBbie 
CTeHKH  BxoaHoii  hbcth  BbinoaHeHbi  b  BHAe  noanopHbix  CTeH  yroaKOBoro  npo- 
<J)Haa,  noKa3aH  Ha  pnc.  4.26,  a. 

npn  CTpOHTeabCTBe  penHbix  THapoy3aoB  noanopHbie  ctchbi  h  ycTOH  B03- 
BoaaT  ana  conpaaceHHa  BoaocaHBHbix  naoTHH  h  3A3hhh  rHap03aeKTpocTaHu,HH 
c  3eMaaHbiMH  coopyacemiaMH  (naoTHHaMn)  h  SeperoBbiMH  cicaoHaMH,  b  cyao- 
xoahbix  ycTponcTBax  (xaMepbi  maK)30B),  ana  SaaroycTponcTBa  npHaeraioiHHx 
TeppHTOpHH  (HaSepeacHbie)  h  t.  n.  )Keae3o6eTOHHbie  noanopHbie  ctchm  noa- 
pa3aeaaiOT: 

•  no  ycaoBHaM  B03BeaeHHa  -  Ha  MOHoamribie  (pnc.  4.26,  6,  e ,  0),  c6op- 
Hbie  H  cSopHO-MOHOHHTHbie  (pHC.  4.26,  2,  2,  Jtc)\ 

•  no  apMHpOBaHHio  -  c  HeHanpaaceHHOH  h  npeaBapHTeabHO  HanpaaceH- 
hoh  apMaTypoii; 

•  no  pacnoaoaceHHio  b  naaHe  -  Ha  npaMbie,  aoMaHbie  h  KpHBoaHHeiiHbie; 

•  no  KOHCTpyKTHBHbiM  ocoSemiocTaM  -  Ha  naHTHbie,  mnyHTOBbie,  paace- 
Bbie,  yroaKOBbie,  KompcjiopCHbie,  yroaKOBbie  c  peSpaMH  (pnc.  4.26,  Dtc),  amcep- 
Hbie,  anencTbie  h  ap4 

•  no  pa3MepaM  nonepewnoro  ceHemia  -  Ha  MaccHBHbie  h  rpaBHTapHOHHbie. 

Maccuenbie  noanopHbie  ctchw  oSbinHO  BbinoaHaiOT  H3  SeTOHa  nan  caa- 

SoapMHpOBaHHoro  aceae3o6eTOHa.  Hx  ycTOHHHBOCTb  npoTHB  onpoKHAMBaHHa 
nan  CKoabaceHHa  oSecnenHBaeTca  3HanHTeabHon  coSctbchhoh  Maccon 
(cm.  pnc.  4.26,  6,  e,  0).  Pa3Mepbi  nonepenHbix  ceneHHH  rpaBHTau,HOHHbix  ctch  b 
ochobhom  onpeaeaaiOT  H3  ycaoBHa  HeaonymeHHa  o6pa30BaHHa  TpemHH. 
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OdnezneHHbie  noflnopHBie  ctchbi  .nejiaiOTai  ^ocTaTOHHO  tohkoctchhbimh 
KOHCTpyKU,H5IMH,  B  KOTOpBIX  yCTOHHHBOCTB  oSeCneHHBaeTCH  BeCOM  TpyHTOBOH 
3acBinKn,  Haxoflameiica  Ha^  (|)yH,naMeHTHOH  njiHToii.  B  tthx  coopy^Kemnix  ^o- 
nycKaeTca  o6pa30BaHHe  TpemHH,  ho  HiHpHHa  hx  pacKpBiTHu  ^ojimia  6bitb  ot- 
paHHneHa. 


A-A  5-5 


I 

\ 


6  e  a  d  e  otc 

Phc.  4.26.  ,H,ByxcTyneHHaTbiH  >Kejie3o6eTOHHbiH  ncpcnaa  (a)  h  xmibi  Sokobbix  ctchok 
SbiCTpoTOKOB  h  nepcnaaoB  (6-j/c):  6  -  Scromibix  c  HaKJiOHHOH  xaancn  rpaHbio;  e  - 
to  >xe,  c  ncpcancR;  a  -  otkochmx  (jie>KamHx);  d  -  yronKOBbix  MaccHBHbix;  e  -  yronKO- 
bmx  oojici  Hcmibix;  j/c  -  yronKOBbix  c  pcopaxin;  1  -  hho  6biCTpoTOKa  hjih  ncpcna.ua;  2  - 
ooKOBaa  CTemca;  3  -  Bcp  i  HKajibnaa  murra;  4  -  ropn3om  ajibiiaa  murra;  5  -  pe6po 

OCHOBHBIMH  THnaMH  KOHCTpyKU,HH  nOflnOpHBIX  CTCH  B  MeJIHOpaTHBHOM  H 
rHflpOTeXHHHeCKOM  CTpOHTeJIBCTBe  HBJUHOTCII  yrOJIKOBBie  H  KOHTp(|)OpCHBie. 

YsojiKoebie  noflnopHBie  ctchbi  coctout  H3  BepTHKajiBHOH  h  ropH30HTajiB- 
hoh  ((j^yH^aMeHTHoii)  njiHT.  Ohh  MoryT  6bitb  oSjicthchhbimh  (cm.  pnc.  4.26,  e ) 
h  MaccHBHBiMH  (cm.  pnc.  4.26,  d ).  OSjierHeHHBie  yrojiKOBBie  ctchbi  npHMemnoT 
npn  BBicoTe  ^0  5  m,  a  MaccHBHBie  -  npn  bbicotc  po  30-40  m.  Ecjih  BBicoTa  60- 
Jiee  5  M,  B  OCHOBaHHH  BepTHKajiBHOH  nJIHTBI  oSjieTHeHHOH  yrOJIKOBOH  CTCHBI 
B03HHKai0T  SOJIBHIHC  H3TH6aiOHIHe  MOMCHTBI.  IIOTTOMy  npH  BBICOTC  60Jiee  5  M 
u,ejiecoo6pa3HO  npHMemiTB  Konmp<popcHbie  nonnopiiBie  ctchbi  (cm.  pnc.  4.26,  u/c). 
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rionepeHiibie  BepTHKajiBHBie  pe6pa  (KOiiTpcjiopcBi)  yaep'ATiBaiOT  BepTHicajiBHyio 
naHTy  ot  onpoKHflbiBaHHa  h  mchihot  paSoTy  ojicmchtob  noflnopHoi!  ctchbi. 

2.5.2.  YrojiKOBbie  no^nopHbie  ctchkh 

IIoflnopHaa  CTemca  yronKOBoro  npocj)HJia  coctoht  H3  b epTHKajiBHoil  koh- 
cojibhoh  njiHTbi,  b o c n p h n h m a i o hi e h  aKTHBHoe  aaBJieime  rpyHTa,  h  (jiyimaivieiiTiiOH 
ruiHTbi,  pa3BHTOH  b  TbiJiOByio  CTOpOHy.  3Ta  nacTb  c|)ynaaMeiiTiiOH  njiHTbi,  Harpy- 
/KeimaH  BecoM  rpyHTa,  oOecnemiBacT  ycToirniBOCTb  ctchbi  b  pejiOM  (pnc.  4.27). 


Phc.  4.27.  YrojiKOBaa  noanopHaa  CTeHa 


B  o6meM  cjiynae  Ha  yrojiKOByio  noflnopHyio  CTeHKy  oSjiemeHHoro  rana 
ochobhbimh  Harpy3KaMH  aBJiaiOTca  BepTHKajibHoe  G  h  roprooHTajibHoe  ^aBJie- 
hhh  rpyHTa  (pnc.  4.27).  Ot  fleiiCTBHa  tthx  Harpy30K  ^aBJieHHe  no  nofloniBe 
(JiyH^aMeHTa  ^ojhkho  6bitb  no  bo3mo>khocth  paBHOMepHbiM,  a  pacTarHBaiomee 
Hanpa>KeHHe  (oTpbiB  no,noniBbi)  He  ^onycKaeTca,  t.  e.  paBHOfleiiCTByiomaa  Bcex 
Harpy30K  .nojimia  HaxoflHTbca  b  npe^ejiax  a^pa  ceneHHa  nofloniBBi  (JiyH^aMeH- 
Ta.  Hcxo^a  H3  ttoto,  mnpHHy  tbijioboh  nacra  (jiyH^aMeHTHOH  njiHTbi  npnSjiH- 
5KeHHO  mo>kho  onpe,nejiHTB  no  (JiopMyjie 

aT  =  1/(1  +  4k)  tg  (45°  -  (p/2)//,  (4.67) 

r^e  k  -  OTHomeHHe  BbiJieTa  jihu,cboh  kohcojih  njiHTbi  k  tbijioboh  (k  =  an  /ax  h 
npHHHMaeTca  pbbhbim  0,25-0,4);  (p  -  yroji  BHyTpeHHero  TpeHHa  rpyHTa;  H  - 
BbicoTa  noflnopHoii  ctchbi. 

IIojihoh  HiHpHHoii  (jiyH^aMCHTHoii  njiHTbi  M05KH0  3aflaTBca  b  npe,nejiax 
a  =  (0,5-0, 7)  H.  MeHBHiee  3HaneHHe  a  npnHHMaiOT  ^Jia  noflnopHBix  ctch  Ha 
CKajiBHBix  ocHOBaHHax  h  npH  OTcyTCTBHH  no^nopa  rpyHTOBBIX  BO C  TBIJIOBOH 
CTOpOHBi.  Ilpn  HajiHHHH  no,n  (|)yHflaMeHTHOH  njiHToii  cjia6bix  rpyHTOB  h  noflno- 
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pa  rpyHTOBbix  bo^  npHHHMaKDT  SojiBinee  3HaneHHe  a.  npH  oflHOCTOpOHHeM 
^aBJieHHH  rpyHTa  h  boabi  lh  iipuna  c|)yn/iaMenTnoH  iijihtbi  mo'/KCt  6bitb  yBejiH- 
neHa  o  0,9 H. 

BbineT  jiHpeBOH  kohcojih  (JjyH^aMeHTHOH  iijipitbi  Ha3HanaK)T  b  npe^enax 
ajj  =  (0,2-0, 3)a.  Bojitmee  3HaneHHe  npHHHMaKDT  ^Jia  noflnopHBix  ctch,  npo- 
Bep^eMBIX  Ha  yCTOHHHBOCTB  OT  OnpOKHflBIBaHHM,  T.  e.  OnHpaKDIHHXCK  Ha  CKaJIB- 
Hoe  ocHOBaHHe. 

npe^BapHTejiBHO  TOJiminiy  BepTHKajiBHOH  ctciili  (hjihtbi)  y  ocnoBainui 
npHHHMaKDT  paBHOH  hH  =  (1/8-1/15)//,  a  (JiyH^aMCHTHOH  C  TBIJIOBOH  CTOpOHBI  - 
Ha  10-30  %  SojiBHie.  Tojimmiy  jinpeBOH  (J)yH^aMeHTHOH  hjihtbi  oSbihho  npH¬ 
HHMaKDT  TaKOH  DKe,  KaK  BepTHKajiBHOH. 

IIjiHTaM  noflnopHoii  CTeiibi,  KaK  npaBHJio,  npH^aiOT  yKJiOH  tbijiobbix  rpa- 
Heii  i  =  1/20-1/40  c  TaKHM  pacneTOM,  hto6bi  TOJimnHa  noBepxy  OBiJia  He  MeHee 
10  cm,  a  y  (jiyH^aMeHTHOH  Ha  KOHpax  KOHCOJieii  -  He  MeHee  15  cm. 

B  yrojiKOBBix  noanopiibix  CTeHKax  b epTHKajiBHan  h  ropH30HTajiBHan 
njiHTBi  paSoTaiOT  Ha  h3th6  KaK  kohcojih,  3ameMJieHHBie  b  MecTe  nepecenemni 
3THX  nJIHT.  B  COOTBeTCTBHH  C  3niOpOH  MOMCHTOB  (pHC.  4.28,  fl)  B  BepTHKajiBHOH 
njiHTe  pacTuniBaiouine  nanpH/Kemin  oyayT  y  BHyTpeHHeii  rpaHH,  a  b  c|)ynjia- 
MeHTHOH  B  TBIJIOBOH  KOHCOJIH  -  CHH3y.  PaSOHHe  CTepDKHH  paCnOJiaraiOT  BflOJIB 
KOHCojieii  (pnc.  4.28,  6). 

MoHOJiHTHBie  oOjiemeHHBie  nonnopnbie  CTeiibi  apMHpyiOT  OTaejibiibiMii 
CTepDKHKMH  HJIH  CBapHBIMH  nJIOCKHMH  CCTKaMH  H  npOCTpaHCTBeHHBIMH  KapKa- 
caMH  (pnc.  4.29).  IIpH  BBicoTe  noflnopHoii  ctchbi  H  <  3  m  hjihtbi  modkho  apMH- 
pOBaTB  odiiHOHHoii  apMamypoii  b  biijic  myrax  OTrejibiibix  CTep'/Kneil,  oObcjih- 
HeHHBix  pacnpeflejiHTejiBHBiMH  CTepmniMH  b  KapKac  (pnc.  4.29,  e). 

npn  BBicoTe  noflnopHoii  ctchbi  H>  3  m  h  TOJiniHHe  njiHT  20  cm  h  6ojiee 
npHMeHmoT  deounoe  apMupoeanue  (pnc.  4.32,  a).  ApMaTypy  b  CDKaToii  30He  ye- 
TaHaBJiHBaiOT  no  MHHHMajiBHOMy  npoueiiTy  apMHpOBamni. 

PacLieT  noflnopHBix  ctch  npoH  iBoanT  jpm  eaeayiouiiix  cjiynaeB:  DKcmya- 
TaU,HOHHOTO,  CTpOHTeJIBHOTO  H  peMOHTHOTO .  IIpH  3TOM  paCCMaTpHBaiOT  flBa  CO- 
neTaHHK  ^eHCTByiomHx  Harpy30K  h  B03^eiiCTBHH:  ocHOBHoe  h  oeo6oe. 

K  ocHoenbiM  conemaminM  nazpy30K  othockt:  eoOcTBeHHBiii  Bee  noflnop- 
hoh  ctchkh,  ^aBJieHHe  rpyHTa,  jjaBaeniie  bojibi  (ninpocTaTiiHecKoe  h  (JiHJiBTpa- 
u,HOHHoe),  jie^OBBie  Harpy3KH,  bojihobbic  B03fleiiCTBHK,  Harpy3KH  ot  TpaHC- 
nopTHBix  epe^CTB  h  eynoB  (b  HiJii03ax),  TeMnepaTypHBie  B03^eiiCTBHii. 

OcodbiMU  conemamiRMU  kbjhhotck:  nocTomiiibie  Harpy3KH  ochobhoto 
coneTaHHn  h  Harpy3KH  aBapniiHoro  xapaKTepa,  ^aBJieHHe  boabi  npn  (J)opCHpo- 
BaHHOM  noflnopHOM  ypOBHe. 

PaeneTHBie  coneTaHHn  Harpy30K  h  B03/ieHCTBHH  b  KaDK^OM  H3  paeneTHBix 
cjiynaeB  ycTaHaBJiHBaiOT  b  COOTBeTCTBHH  e  bo3mo>khoctbkd  oflHOBpeMeHHoro 
hx  fleiiCTBHii.  CxeMa  Harpy30K,  ^eHCTByiomHx  Ha  no^nopHyio  CTeHy,  noKa3aHa 
Ha  pnc.  4.30. 
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Phc.  4.28.  ApMHpoBaHHe  yrcwncoBbix  ctciiok  oxucjibiibiMH  cicpvKiiaMH: 
1  -  pa6ona a  apMaTypa;  2  -  pacnpeflejiHTejibHbie  CTep>KHH;  3  - 
KOHCTpyKTHBHaB  apMaTypa;  4  -  mmuibica 


a 


6 


Phc.  4.29.  ApMHpoBaHHe  yrojiKOBbix  ctch  CBapHbiMH  ceTKaMH:  1  -  pacnpcncjimaibiibic 
CTep>KHH;  2  -  zionojiiiH  i  cjibiibic  paSonne  ctcp>khh;  3  -  CKB03Hbie  pa6oinic  CTep>KHH 
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CoSctbchhbih  Bee  G  =  Gi  +  Gi  noflnopHOH  ctchbi  onpe,nejiaiOT  no  ee 
npe^BapHTejiBHO  Ha3HaneHHtiM  pa3MepaM  n  oSbcmhoh  Macce  acejie3o6eTOHa. 
(j5njiBTpan,noHHoe  ^aBJieHne  boabi  Un  Ha  no^oniBy  (j^yH^aMeHTHon  njiHTBi  yc- 
TaHaBJlHBaKDT  (f)HJIBTpail,HOHHBIMH  paCHCTaiVIM  C  yHCTOM  paSOTBI  npena’/KIIblX 
ycTponcTB.  BepTHKajibHoe  naBnenne  rpyHTa  noncmiTbiBaiOT  pasneabiio  ana 
jinpeBon  n  tbijioboh  nacTen  (jiyH^aMeHTHOH  nnnTbi  (GrjI,  Gr.T). 


Phc.  4.30.  CxeMa  Harpy30K,  ncHCTByiomux  Ha  iioanopnyio  CTeHy 

BoKOBoe  flaBJieHne  rpyHTa  Ha  no,n,nopHyio  CTeHKy  onpe,nejiaiOT  b  3aBH- 
chmocth  ot  BejiHHHHbi  h  HanpaBJieHHa  nepeMemeHHa  noflnopHoii  ctchbi.  npH 
3tom  B03M0>KHbi  TpH  cjiynaa:  1)  ecjra  ctchbi  nepeMemaiOTca  b  CTOpOHy  ot 
rpyHTa,  to  onpe,nejiaiOT  aKTHBHoe  ^aBJieHHe  Qa,  t.  e.  ynHTBiBaiOT  o6pa30BaHHe 
npH3Mbi  oSpymeHHa;  2)  ecjra  ctchbi  He  nepeMemaiOTca  no  othoihchhio  k  rpyH- 
Ty,  t.  e.  npaKTHnecKH  HenoflBHacHBi,  to  HaxoflaT  flaBJieHHe  rpyHTa  b  cocToamni 
noicoa  Qq;  3)  ecjin  ctchbi  nepeMemaiOTca  b  CTOpOHy  rpyHTa,  to  onpeflejiaiOT 
naccHBHoe  flaBJieHHe  rpyHTa  Qp.  riepeMemeHHa  ctch  MoryT  6bitb  BBi3BaHBi  ^e- 
<J)opMan,Heii  ocHOBamia  hjih  ^e(j)opMau,HaMH  KOHCTpyKu,HH  ctchbi  no#  ^chctbh- 
eM  Harpy30K. 

EoicoBoe  ^aBaeHHe  onpefleaaiOT  no  npaBHJiaM  ctpohtcjibhoh  MexaHHKH  c 
yneTOM  (|>H3HKO-MexaHHHecKHx  xapaicrepHCTHK  rpyHTOBoii  3acBinKH,  npocjiHJia 
BepTHKajibHoii  ctchbi  h  HiepoxoBaTOCTH  ee  rpaHH,  cpenjieHHa  rpyHTa  h  npyrnx 
(JiaKTOpOB.  B  SojiBHiHHCTBe  cjiynaeB  npn  npoeKTHpOBaHHH  noflnopHBix  ctch 
onpefleaaiOTca  aKTHBHoe  h  naccHBHoe  ^aBaeHHa  rpyHTa.  ,H,aBJieHHe  rpyHTa  b 
cocToaHHH  noKoa  ^eiiCTByeT  tojibko  Ha  MaccHBHBie  noflnopHBie  ctchbi  h  ycTOH, 
onnpaiomHeca  Ha  nponHyio  cicany. 
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npnojiM/Kcniibix  pacncTOB  .aonycKacTcn  aKTHBHoe  .raBJicnne  iiccbai- 
hbix  rpyHTOB  (necHaiibix)  npHHHMaTb  ncMCTByiomMM  Ha  BepTHKajibHyK)  CTeHKy 
h  HanpaBJieHHbiM  roprooHTajibHO.  B  stom  cjiynae  HHTeHCHBHOCTb  ^aBJieHHa 
rpyHTa  Ha  1  nor.  m  ctchm  Ha  mySHHe  H  paBHa 

qa  =  To#  tg2(45°  -  0,5(p),  (4.68) 

a  nojiHoe  ^aBJieHHe  rpyHTa  Ha  CTeHy 

Qa=qa-HI2.  (4.69) 

npH  HajiHHHH  rpyHTOBbix  BOfl  k  ^aBJieHHK)  rpyHTa  ^oSaBjnieTCfl  rnfl- 
pocTaTHnecKoe  flaBJieHne.  npH  stom  ^aBJieHne  rpyHTa  CHroKaeTCn  b  pe3yjib- 
TaTe  yMeHbmeHHM  ero  oSbcmhoh  Maccbi,  t.  e.  c  yneTOM  ero  B3BemeHHoro 
coctouhhh: 


yB3  =  (Yo-  Y w)  /  (1  +  e\  (4.70) 

r^e  y0  -  y/iejibHbiH  Bee  rpyHTa:  yw-  y/iejibHbiH  Bee  bo^bi;  e  -  K03(jxj)Hii,HeHT  no- 
pHCTOCTH. 

ropH30HTajibHbie  cocTaBHHiouHie  (77  h  rT)  flpyrnx  chji  (Qa,  Qap,  Qp), 
^eHCTByKDHiHx  c  TbuioBOH  h  jiHu,eBOH  CTOpOHbi  CTeHbi  (cm.  pHC.  4.30),  onpe,ne- 
JI5HOTCH  no  COOTBeTCTByiOIHHM  HOpMaM.  FopH30HTaJIbHaiI  COCTaBJIMKDHiaa  77  - 
<J)HJibTpau,HOHHoe  ^aBJieHHe,  bojihoboc  ^aBJieHHe,  ^aBJieHHe  Jib^a  h  ^p.  -  Taioxe 
yCTaHaBJIHBaeTCM  no  COOTBeTCTByKHHHM  HOpMaM. 

PacneT  noflnopHbix  ctch  3aKjnoHaeTCn  b  npoBepice  ycTOHHHBOCTH  nojio- 
jkchhh,  npOBepKe  ^aBJieHHa  Ha  rpyHTbi  no#  no#oniBOH  (jiyH#aMeHTa,  pacneTe 
Ha  npOHHOCTb  H  TpeiHHHOCTOHKOCTb  3JieMeHTOB  CTeH.  PaCHeTbl  npOH3BOfl«TCM 
Ha  1  m  fljiHHbi  CTeHbi,  ecjiH  OTHomeHHe  /piHHbi  coopyjKeHHa  k  mnpHHe  (JiyH^a- 
MeHTajibHoii  njiHTbi  6onee  3. 

npn  npoBepKe  o6meii  ycTOHHHBOCTH  no#nopHOH  ctchkh  3HaneHHn  pac- 
neTHblX  CflBHraiOmHX  H  OnpKH#bIBaiOHIHX  CHJI  npHHHMaiOTCII  C  K03(|)C])HIl,HeH- 
tom  neperpy3KH  n  >  1,  a  3HaneHHii  y#ep>KHBaiomHx  chji  -  e  K03(J)(|)Hii,HeHT0M 
n  <  1  (cm.  Ta6ji.  4.13). 


Ta6jiHu,a  4.13 


Ko3(])(])HiiHeHT  neperpy3KH 


Bh#  lICpCMCUICnHM 

ConeTaHHe  Harpy30K 

Kjiacc  KanHTajitHOCTH  ctch 

I 

II 

III 

IV 

CjiBHr 

OCHOBHOe 

1,3 

1,2 

1,15 

U 

Oco6oe 

U 

U 

1,05 

1,05 

OnpoKHjibiBaHHe 

OCHOBHOe 

1,4 

1,3 

1,2 

1,2 

Oco6oe 

U 

U 

U 

U 

254 


noflnopHbie  CTeHM  Ha  HecxaabHbix  ocHOBamiax  paccnHTbiBaiOT  no  cxe- 
MaM  naocKoro  caenra  h  caenra  c  nacTbio  rpyHTOBoro  ocHOBaHHa  no  pnaHHa- 
pnnecKon  noBepxHOCTH  (cm.  pa3/p  2,  n.  2.7.1). 

IIOflnOpHBie  CTeHBI  Ha  CXaHbHOM  OCHOBaHHH  paCCHHTBIBaKDT  Ha  nJIOCKHH 
CflBHr  no  (J>opMyjie  (4.60),  npHHHMaa  =  Qa  —  0,  n  Ha  onpoxHabiBamie  BOKpyr 
jinpeBoro  pe6pa.  Koo(|)(j)Hu,HeHT  HaaeacHOCTH  npn  onpoKH^BiBaHnn  paBeH  ot- 
HOHieHHK)  CyMMBI  MOMCHTOB  BepTHKaJIBHBIX  H  O  npOKHHbIB  a  I O  HI  M  X  CHJ1  BOKpyr 
TOHKH  O  (cm.  pHC.  2.30)  H  He  flOJDKeH  6bITB  MeHBHie  HOpMaTHBHOrO  3HaneHHa. 

,H,na  npoBepKH  aaBaenna  Ha  rpyHT  oc  no  Banna  neooxoanMO  ymiTbiBaTb 
cyMMy  HOpMajibHbix  BepTHKajibHbix  chji  h  cyMMy  momciitob  Bcex  chji  (npn  xo- 
3(|)(|DHu,HeHTe  neperpy3KH  n  —  1)  OTHOCHTejibHO  peHTpa  TaacecTH  noaoniBbi 
(JjyH^aMeHTajibHOH  njiHTbi.  HanpaaceHne  noa  noaoniBoii  cjDyHaaMeHTa  onpeae- 
aaiOT  no  (J)opMyne  BHepeHTpeHHoro  cacaraa  ^Jia  cxeMbi  naocKoii  ^e(j)opMau,HH: 

ami'n  -P I  A±M  !W ,  (4.71) 

rae  W -  MOMeHT  conpoTHBJieHHa;  A  -  naomaab  noaoniBbi  (JiyHaaMeHTa. 

MaKCHMajibHoe  KpaeBoe  aaBaeHHe  Pmax  noa  noaoniBOH  (JjyH^aMeHTHOH 
njiHTbi  (pnc.  4.30)  He  aoaaoio  npeBbimaTb  1,2  Rq,  rae  Rq  -  ycjiOBHoe  pacneTHoe 
aaBaeHHe  Ha  rpyHT,  npnHHMaeMoe  no  HOpMaM.  OTpbiB  noaoniBbi  (jiyHaaMeH- 
TajibHOH  njiHTbi  He  aonycxaeTca,  t.  e.  omin  >  0. 

npn  pacneTe  yrojiKOByK)  noanopHyio  CTeHKy  pacnaeHaiOT  Ha  BepTHxaab- 
HyK)  h  ropH30HTajibHyK).  Hx  ceneHHa  paccnHTbiBaiOT  Ha  nponHOCTb  h  Tpemn- 
HOCTOHKOCTb.  npn  3tom  b  oSaemeHHbix  noanopHbix  CTeHax  pacneT  npOH3BO- 
aaT  no  pacKpbiTHio  TpeiHHH,  a  b  MaccHBHbix,  Rax  npaBHao,  Ha  o6pa30BaHHe 
TpeiHHH. 

BepTHKaabHaa  naHTa  paSoTaeT  Ha  h3th6  Rax  kohcohl,  3ameMaeHHaa  b 
<J)yH^aMeHTHOH  name  h  Haxoflamaaca  noa  aaBaeHHeM  rpyHTa. 

YcnaHaMH  ot  coScTBemioro  Beca  oSaerneHHOH  CTeHbi  oSbihho  npeHe6- 
peraiOT. 

npe^BapHTeabHO  naanaHennyio  Toamnny  naHTbi  mo'/Kiio  yTOHiniTb  H3 
ycaoBHa  ee  onniMaabnoro  apMHpOBaHHa  no  (J)opMyae  An  =  (0,25-0,3 )M/Rnp  +  5  cm. 
KpOMe  Toro,  Toammia  naHTbi  aoaaoia  6biTb  Ha3HaneHa  H3  ycaoBHa  Heaonyc- 
thmocth  noaBaeHHa  HaKaoHHbix  TpeiHHH  ot  aeiiCTBHa  nonepenHoii  cnabi. 

noa6op  npo^oabHoii  paSoneii  apMaTypbi  h  pacneT  no  pacKpbiTHio  Tpe- 
ihhh  npoH3BOflaT  ^aa  npaMoyroabHoro  ceneHHa  HiHpHHoii  b  —  100  cm. 

Ha  pnc.  4.31  npHBefleHbi  cxeMbi  cna,  aeiiCTByiomHx  Ha  noaoniBbi  (JiyH- 
^aMeHTHbix  naHT  noanopHbix  ctchok,  h,  Rax  caeacTBHe,  Ha  hx  ocHOBamie, 
Ha  KOTOpbie  npoH3BOflHTca  pacneT.  B  oSaerneHHbix  noanopHbix  CTeHxax 
(pnc.  4.31,  a)  npn  pacneTe  ynHTbiBaeTca  aaBaeHHe  rpyHTa  Ha  KOHCoan.  Ecan 
noanopnaa  yroaxoBaa  CTeHxa  npeanaanawena  ToabKO  aaa  yaep>xanna  3a  Heii 
rpyHTa,  to  pacneT  (jiyHaaMemnoH  naHTbi  npon3BoanTca  ot  Beca  rpyHTa  Ha  ee 
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kohcojisx.  PacneTHaa  cxeMa  (JjyHflaMeHraoH  njiHTbi  paccMaTpHBaeTOi  Rax  koh- 
COJIB  C  JKeCTKOH  3afleJIK0H  B  BepTHKaJIBHOH  CTeHKe  (pHC.  4.31,  a). 


Phc.  4.31.  CxeMa  k  pacHCiy  (l)yimaMcm  noil  ilhhtw  oojici  HcmiOH  (a)  h  MaccHB- 
hoh  (6)  noflnopHOH  CTeHbi:  1  -  amopa  peaKTHBHoro  aiaBJiciiMH  rpyHTa;  2  -  to  >Ke 
ot  Harpy30K,  pacnojio>KeHHbix  i iazi  kohcojibmh;  3  -  amopa  pacnci  iibix  narpysoK; 

4  -  amopa  (|)HJibTpaii,HOHHoro  .zjaBjieHHa 

B  MaCCHBHBIX  (lIIJlK)30BBIx)  nOflnOpHBIX  CTeHKaX,  npH  HaJIHHHH  BOflBI  B 
nuiK)3ax  h  rpyHTOBBix  bo r  3a  ctchkoh,  HeoSxoflHMO  yHHTbiBaTB,  KpOMe  ^aBJie- 
HHa  rpyHTa,  TaioKe  rHflpocTaTHHecicoe  h  cf)HJibTpau,HOHHoe  ^aBJieHHa  Ha  kohco- 
jmx  (pHC.  4.34,  6). 
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3  AKJI H3HEHHE 


B  BOflHOM  X03HHCTB6  CTpaHBI  THApOCOOpy>XeHmi  HrpaiOT  BeCBMa  Ba>KHyK) 
pout.  C  hx  noMomBK)  b  oahhx  cjiynaax  BO^a  AOCTaBJiaeTca  noTpeSHTen^M  b 
ycTaHOBJieHHtie  cpoxn  b  HeoSxoflHMOM  KOJiHnecTBe  h  TpeSyeMoro  xanecTBa,  b 
Apyrnx  -  OHa  HaxanjiHBaeTca  j\jih  AaJiBHeHinero  HcnojiB30Bamni,  b  TpeTBHx  - 
KHHeTHHecKaa  3HepriM  noTOxa  npeo6pa3yeTca  b  3JiexTpHnecxyio  h  t.  a- 

r HapOCOOpy'/KeilHJI  AOJI5XHBI  yCTOHHHBO  BOCnpHHHMaTB  ^OnOJIHHTeJlBHBie 
Harpy3KH  b  bhac  THApocTaTHnecxoro  h  THApOAHHaMHHecxoro  .naBnemia  noTO- 
xa,  y^apOB  CTpyn,  jibahh,  AaBJieHmi  HaHOCOB,  conpoTHBJMTBCfl  pa3MBiBaiomeMy 
B03fleHCTBHK>  BOflBI,  OCOSeHHO  npH  HaJIHHHH  B  BOfle  HaHOCOB;  0BITB  CTOHXHMH 
no  OTHOHieHHK)  X  (j)H3HXO-XHMHHeCXHM  npOU,eCCaM,  ^eHCTByKDHIHX  Ha  6eTOH, 
rHHeHHK)  flepeBa  h  Apyrnx  MaTepnanoB. 

KpOMe  Toro,  r  h  a  p  o  c  o  o  p  y  >x  e  i  nui  aoji>xhbi  6bitb  sxohomhhhbi  h  yaoSiiBi  b 
3xcnjiyaTau,HH. 

rHflpOTeXHHHeCXOe  CTpOHTeJIBCTBO  OXa3BIBaeT  SoJIBHIOe  BJlHMHHe  Ha 
SXOHOMHXy  H  npnpOflHBie  yCJIOBHM  3HaHHTeJIBHBIX  TeppHTOpHH,  Ha  XOTOpBIX 
BCJiefl  3a  npOBefleHneM  Tex  hjih  hhbix  B0A0X03fliiCTBeHHBix  MeponpmiTHH  no- 
^BJiaeTca  6a3a  j\jih  rpa^x^aHCxoro  h  npoMBmuieHHoro  pa3BHTHa. 

PemeHneM  3a^an  BOAOxo3flHCTBeHHoro  CTpOHTejiBCTBa  3aHHMaeTCfl  tha- 
pOTexHHxa  -  OTpacjiB  Hayxn  h  tcxhhxh,  oxBaTBreaiomafl  Bonpocxi  HcnonB30Ba- 
hhm,  oxpaHBi  boahxix  pecypcoB  h  6opx6xi  c  Bpe^HBiM  ^eHCTBHeM  boa  npn  no- 
MOIHH  HH>XeHepHBIX  coopyjxeHHH. 

B  cocTaB  THflpoy3Jia  bxoa^t  peryjniTOpxi,  conpjiraiomne  coopy>xeniHi, 
njiOTHHBi,  BOfl03a6opHBie  coopyjxeHHM,  otctohhhxh,  xaHajiBi  h  Ap- 

HanSojiee  pacnpocTpaHeHHBiMH  coopy>xeHmiMH  Ha  xaHajiax  mbjimk)tcm 
peryjiHpyiOHiHe  coopy/xemia,  cjiy/xaunie  a jib  peryanpoBaiiHa  nocTymemia  bo- 
Axi  H3  xaHajiOB  CTapmero  nop^^xa  b  xaHajiBi  MJiaAinero  nopa^xa  c  OAHOBpe- 
MeHHBiM  H3MeHeHHeM  xojiHnecTBa  noflaBaeMOH  boaxi. 

npoexTHpOBaHHe  peryjniTOpOB  cboahtca  x  BBiSopy  xomhohobxh  h  onpe- 
AejieHHio  napaMeTpOB  coopy>xeHmi  Ha  ocHOBaHHH  rHApaBJinnecxoro  h  (Jjhjibt- 
papHOHHoro  pacneTa. 

TnnBi  conparaKDHiHx  coopy^xeHHH  -  nepenaABi  h  6bictpotoxh  c  mhoto- 
o6pa3HBiMH  nepexoAHBiMH  (J)opMaMH,  Ha3HaneHHe  xotopbix  -  rameHne  h36xi- 
tohhoh  3HeprHH  boaxi.  OcoSeHHOCTB  rHApaBJiHHecxoro  pacHeTa  conpiDxeHHii 
6xecf)OB  npn  HcnojiB30BaHHH  boaoSohhbix  xojiOAPeB  (HanSojiee  HaAOXHBin  ra- 
chtcjib)  hjih  CTeHOx  coctoht  b  onpeACJieHHH  rjiy6nHBi  b  c>xaTOM  ceneHHH  y  no- 
AOhibbi  coopyjxemni  h  en  conpn>xeHHOH  j\jih  cpaBHeHna  nocjieAHeii  c  3aAaHHOH 
rjiySHHOH  boaxi  b  HH5XHeM  Sxecjie  COOpyJXeHHM. 

^JIH  C03AaHH5I  BOAOXpaHHJIHHia  yCTpaHBaiOT  njiOTHHBi,  XOTOpXie  B  3aBH- 
CHMOCTH  OT  MaTepHaJia,  npOTHBO(|)HJlBTpaU,HOHHBIX  yCTpOHCTB,  a  Taxjxe  cnoco- 
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6ob  B03BefleHH>i  noflpa3^eji^K)TCM  Ha  3eMJiaHBie,  3eMJiaHBie  HaMBiBHBie,  KaMeH- 
H0-3eMaaHBie,  KaMeHHO-HaSpocHBie. 

IIpH  npoeKTHpOBaHHH  naoTHH  BbinojiHaKDTca  cjieflyKDHjHe  pacneTBi: 
(jDHJIBTpapHOHHBie;  Ha  yCTOHHHBOCTB  OTKOCOB,  3KpaHa  H  3aH[HTHOrO  CJIOa;  oca- 
,ziok  Tejia  njiOTHH  h  ocHOBamia;  oSpaTHBix  (J)hjibtpob,  ^peHaaceii  h  nepexo^HBix 
30h;  KpenjieHHH  otkocob  Ha  npoHHOCTB  ot  ^eiiCTBHa  boabi,  jiB^a  h  ^p.  PacneTBi 
BbinojiHaKDTca  ^Jia  nanoojiee  xapaicrepHBix  nonepeHHBix  ceHemiii  njiOTHH  h  bo 
Bcex  cjiynaax  ^Jia  ochobhbix  h  ocoSbix  coneTaHHH  Harpy30K,  b  nepHOfl  3Kcnya- 
Tan,HH  h  b  nepHOfl  hx  B03Be,neHHa. 

npH  riiyxHx  njiOTHHax  (6e3  BoaocoopoB  wepea  rpeoeiib  hjiothhbi)  aJia 
nponycxa  h3jihhihhx  naBO^KOBBix  bo^,  fljia  none3HBix  nponycKOB  H3  Bo^oxpa- 
HHJiHHja,  a  Taicace  fljia  cnycica  boabi  c  pejiBio  nojiHoro  hjih  nacTHHHoro  ono- 
pojKHeHHa  BOAOxpaHHJiHHja  ycTpaHBaiOT  BO,nonponycKHBie  coopyaceHHa. 

B  3aBHCHMOCTH  ot  Ha3HaHemia  BOflonponycKHBie  coopyaceHHa  pa3fleaa- 
KDTCa  Ha  BOflOCSpOCBI  H  BOflOCnyCKH. 

Pacnoao>KeHHe  BOflonponycKHBix  coopyaceHHH,  hx  (jjopMa  h  pa3MepBi 
^oiDKHBi  6bitb  TaxoBBiMH,  hto6bi  oSecneHHBajica  njiaHOBBiH  no^xo^  boabi  k 
HHM  H  He  B03HHKaJIH  SoJIBHIHe  CKOpOCTH  nOflXOfla  BOflBI. 

,H,jni  3a6opa  boabi  H3  BOflOxpaHHJiHma  npn  njiOTHHax  ycTpaHBaiOT  bo^o- 
cnycKH,  npn  noMomn  KOTOpBix  BO^a  no^aeTca  b  opocHTejiBHBie,  oSbo^hh- 
TeJIBHBie  HJIH  flepHBapHOHHBie  KaHaJIBI. 

KaMeHHO-HaSpocHBie  hjiothhbi  pa3flejiaiOT  Ha  KaMeHHBie  c  BO^OHenpo- 
HHU,aeMBIMH  yCTpOHCTBaMH  (3KpaHaMH  HJIH  JIHac|)parMaMH)  H3  HerpyHTOBBIX 
MaTepnajiOB  h  KaMeHHO-3eMJWHBie  hjiothhbi,  b  kotopbix  BOflOHenpOHHpaeMoe 
yCTpOHCTBO  (3KpaH  H  Hflpo)  BBinOJIHCHO  H3  TpyHTOBOTO  MaTepHJia,  a  OCTaJIBHBie 
Hacra  B03BefleHbi  H3  KaMHa  hjih  flpyroro  KpynHOoSjiOMOHHoro  MaTepnajia  (rpa- 
BHHHO-raJieHHHKOBOTO,  meSeHHCTOTO). 

OTpHpaTejiBHBie  npoaBJieHHa  pycjiOBBix  noTOKOB  pa3HOo6pa3HBi,  noaTO- 
My  pa3JIHHHBI  H  M6TOHBI  OOpBOBI  C  HHMH  H  KOHCTpyKU,HH  n  p  II M 6 1  HI 6  M  B I X  THflpO- 
TexHHnecKHx  coopy'/KemiH. 

OcHOBHaa  3a/iaHa  peryjinpOBaHHa  pex  -  H3MeHeHHe  pycjiOBBix  npopeccoB 
npH  nOMOIHH  pa3JIHHHBIX  COOpy'/KeilHH  H  yCTpOHCTB  TaKHM  o6pa30M,  HTOOBI  B 
pe3yjiBTaTe  o6pa30BajiocB  6ojiee  ycTOHHHBoe  pycjio,  coxparonomee  npHflaHHyio 
eMy  (jiopMy  h  pa3MepBi  b  TeneHHe  ajiktcjibhoto  BpeMeHH  h  npn  mhhhmbjibhbix 
3KcnjiyaTau,HOHHBix  3aTpaTax. 

B  cocTaB  THflpoy3JiOB  Taxace  bxoaht  Boaoaaoopiibie  coopy/Kemia  y  bojio- 
hctohhhkob  fljia  oSecneneHHa  OTSopa  TpeSyeMoro  KOJinnecTBa  boabi  Ha  Hy>KflBi 
BOflOCHaSaceHHa  h  ^Jia  flpyrnx  OTpacjieii  bo^hoto  xo3aiiCTBa. 

,H,jni  6opb6bi  c  HaHOcaMH  b  BOfl03a6opHBix  y3Jiax  ninpoxo  HcnojiB3yiOT 
ocoSeHHOCTH  THflpaBJiHHecKoii  CTpyKTypBi  noTOxa:  nonepenHyio  u,HpKyjiau,Hio, 
BHHTOBoe  flBHaceHHe  h  aBJieHHe  oSTexaHHa  noTOKOM  nperpa^Bi. 
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IIpH  SeciuiOTHHHOM  BOfl03a6ope  y3en  coopynceHHH  oSbihho  coctoht  H3 
ronoBHoro  peryjniTOpa,  noflBOfl^mero  xaHajia,  OTCToiiHHxa,  pBi6o3arpaflHTejia, 
myro-  h  Mycop03amnTHBix  ycTponcTB  h  np.  Bee  sth  coopy/Kemm  OTjnraaiOTCii 
no  KOHCTpyKu,nn  n  HMeK)T  pa3JiHHHBie  pacneTHbie  CXeMBI. 

Otctohhhxh  ^oji>khbi  oSecnenHBaTb  3aniHTy  xaHajiOB  ot  3anjieHna  b  Te- 
neHne  Bcero  nepno^a  nx  paSoTbi. 

PacneTHyK)  MyTHOCTb  noTOxa  Ha  Bxo^e  b  otctohhhx  onpeflejnnoT  no 
^aHHBiM  MHorojieTHnx  HaSmofleHnn  b  panoHe  BOfl03a6opHoro  rnflpoy3Jia  hjih 
no  flaHHBiM  6jiH5KanmeH  rn^ponornnecKOH  CTaHu,nn  Ha  pexe  c  k o p p e  k t  h  p o  b  k o  h 
no  MaTepnanaM  KpaTKOBpeMeHHBix  HaSmo^eHnn  b  panoHe  BO^ocSopa. 

PacneTHyK)  MyraocTB  noTOxa  npn  Bbixo^e  H3  OTCTOHHnxa  npHHHMaiOT 
paBHon  TpaHcnopTHpyKDmen  cnocoSHOCTH  3annnnaeMoro  ot  3anjieHna  xaHajia 
c  yneTOM  KTT/T^  Been  cncTeMBi  ot  OTCToiiHHxa  ^o  ttoto  xaHana. 

B  COCTaB  XOMnOHOBXH  THflpOy3JIOB  B  3aBHCHMOCTH  OT  eTO  THna  MOTyT 
bxoahtb  noAnopHBie,  BOflOcSopHbie,  BOflonpoBOAnmne,  BOfl03a6opHbie,  cy^o-, 
Jieco-,  pbiSonponycxHbie  h  pbi6o3aniHTHbie  coopyxcemni. 

B  3aBHCHMOCTH  OT  npHpOflHbIX  yCJIOBHH  MOTyT  npOeXTHpOBaTbCfl  THflpO- 
y3Jibi  6e3HanopHbie,  hh3xo-,  cpe/pie-  h  h  BbicoxoHanopHbie. 

BoflOxpaHHJinma  co3flax)T  nepepacnpefleneHHa  penHoro  CTOxa  b 
MHoroneTHeM,  ce30HH0M,  He^ejibHOM  hjih  cyTOHHOM  pa3pe3e.  npoHcxoflnmne 
npn  3tom  npeo6pa30BaHHn  ecTecTBeHHoro  THflpojiorHHecxoro  pencHMa  pex 
npHBOflflT  X  H3MeHeHHK)  MHOTHX  flpyTHX  npHpOflHbIX  npOU,eCCOB  xax  B  BepXHHX, 
Tax  h  b  HH5XHHX  Sbecjiax  THflpoy3JiOB.  B  BepXHHX  6be(J)ax  HanpaBJieHne  H3MeHe- 
hh a  npnpoflHbix  npopeccoB  3aBHCHT:  ot  pa3MepOB  BO,noxpaHHJiHma,  xoH(J)Hry- 
pan,HH  b  nnaHe,  rnflporpa(J)HH  paiiOHa,  cocTaBa  nopo#,  cnaraiomHx  narny  bo^o- 
xpaHHJinma,  xapaxTepa  peryjiHpOBaHHa  h  k  ji h m bth  h  ec  k h x  ycjiOBHH. 

B  HnncHeM  6becJ)e  HanpaBJieHne  H3MeHeHHa  npnpoflHbix  npopeccoB  3aBH- 
cht  ot  xapaxTepa  h  pa3MepOB  npeo6pa30BaHHa  nen^xoro  h  TBep^oro  ctoxob  h 
flpyrnx  (J)axTOpB. 

MHorne  Bonpocbi,  B03HHxaiomHe  npn  npoexTHpOBaHHH  THflpocoopynce- 
hhh,  eme  He  y/iaeTcn  peniHTb  TeopeTHnecxH  c  ^ocTaTOHHoii  fljia  pejieii  npaxTH- 
xh  tohhoctbk)  h  Ha^oxHOCTbio.  B  BH^y  3TOTO  npHMemnoT  jiaSopaTOpHbie  HC- 
cjieflOBaHHa  ninpoTexmiHecKiix  coopy'/xemiH  Ha  Monenax  c  Hcnojib30BamieM 
TeOpHH  MOfleJIHpOBaHHa,  XOTOpbie  n03B0JHII0T  C  flOCTaTOHHOH  flOCTOBepHOCTblO 
nporH03HpOBaTb  noBefleHne  Syflymero  coopynceHHii  b  HaType  h  npn  ero  npoex- 
THpoBaHHH  HaiiTH  onTHMajibHbie  pemeHiia,  OTBewaiomne  ycjiOBmiM  nanoxnocTH. 

IUnpoxo  Hcnojib3yiOT  nojwpH3au,HOHHO-onTHTiecxHH  mcto#  HCCJieflOBa- 
hhh  HanpnnceHHH  hjih  mcto#  (J)OToynpyrocTH  -  sto  sxcnepeMeHTajibHbra  MeTOfl 
pemeHHn  (MOflejinpOBamM)  3a/iaH  MexaHHXH  ^e(J)opMHpyeMbix  cpe^. 

B  npoexTHofi  npaxraxe  mcto^om  (f)OToynpyrocTH  npoBe^eHO  pemeHne 
Hinpoxoro  xjiacca  nroxeHepHbix  npoSjieM.  B  Hameii  CTpaHe  b  THflposHepreTHxe 
npaxTHnecxH  Bee  HanSojiee  OTBeTCTBeHHbie  coopynceHHa  b  npopecce  npoexTH- 
pOBamin  hjih  CTpOHTejibCTBa  HcnbiTbiBajincb  Ha  MO^eJinx  mcto^om  (J)OToynpy- 
tocth  (npHMepbi  HCCJieflOBaHHH  coopynceHHH  BpaTCxoii  T3C  h  pa^  ^pyrnx). 
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